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C0MPDTEE «■«»*■> LIGHTING SYSTEM 
WITH MODULAR CONTROL RESOURCES 

This application is a continuation-in-part o£ patent 
appUcation Serial No . 0e/273 . 262 . ^ * 

•PPUcaUcn iB a continuation-in-part Qf ^ ^ 
Serial No. 07/898 3A«; *4i „ PP-^cation 

385, filed June 9 iqq? ^ . 

' 1992 ' which is a 

rr ion ° f ~ — ho. 

~ serial No . 07/55 , 94 , med " 

c ; n ;r ion ot ~ — - — - 

/j.20,743, filed November 12 i9 fl7 „u< v . 
tiled July 17. 1986. now abanaoned 

The present invention pertains in genera! to 
«a 9 e lis nt in9 system having intelligent remote 
If"" 9 £iXCUreS *"* — dilution network 

1 ParCiCUlar ' " ^ ^ ~ - — ~ 
^hting flxtU res ana data diminution network. 
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High performance computer- controlled lighting systems, 
such as disclosed in U.S. Patent No. 4,980,806 to Taylor et 
al.. can readily handle the tasks associated with the remote 
control of multiple -parameter lighting instruments,, including 
the communication of large amounts of data for simultaneously 
executing multiple parameters in hundreds of lamp units. 

However, there exists a demand for increased flexibility 
in such systems so that individual system components can be 
upgraded or replaced in an efficient manner, without affecting 
the operation of the entire system. 

in addition, increased flexibility is desired in such 
systems so that various aspects of the lighting systems can be 
reconfigured, as necessary, to accommodate the varying 
requirements of different performances. 

Controllers for modern lighting systems often must be 
capable of simultaneously supporting diverse lamp units having 
different data requirements. Increasingly, lighting designers 
are demanding to utilize a variety of control devices and lamp 
units in their lighting systems in order to achieve desired 
lighting effects, often including lighting equipment produced 
by different manufacturers, each having their own unique 
communications protocols and data formats. 

Unfortunately, however, limited space and manpower often 
makes it impractical to utilize separate lighting controllers 
to control the different types of lighting equipment used in a 
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single performance, m addition mmn» 

lon ' operators of liahtirm 

consoles demand a standard interface f Q 
j . _ _ ncerface for controlling the 

types o t lighting e5uipnenc ^ a 

performance in the sane manner. 

. fortunately. the ^ e£ , 8Candard 
, controller, capable of controlling the varying types o£ 
^hting equipment provide, by dif terenc 
been i„p eded by the ^ 

meters associated with tne iamp units provided b y the 
various manufacturers o£ lighting equipment 

a iir 0 "" 311 " ^ ^ M 0b3e " ° f «* «• P-iae 

a lighting controller constructed ot i ndependent . 

ana reconf igurable modules . 

» inters fUrthSr 0bje " " " iDVenUOn " " — - 

terete system for coordinating conations between one 
or more, control devices ana a pluralitv 0,1 
aiverse • Plurality of lamp units having 

aiverse communications protocols 

P otocols, functions and data formats. 
Yet another object of i-h*> 
. J ° f the lnvei *ion is to provide an 

2o i^means for controlling a number of different types of 

An additional obiect of ruL • 

D 3 ect °f the invention is to provide a 
-igntmg controller that- f„n. 

that facilitates the designation of 
parameters for diverse lamp units. 

* further object of the invention is to provide a 
Ughtmg controller having a standard user interface for 
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accessing diverse lamps units in the same way for each type of 
lamp unit. 



SUMMARY OF THE TWWKrrrnM 

In one implementation of the invention, a controller is 
provided for a lighting system adapted to control a plurality 
of multiple parameter lamp units. The controller comprises: 
(1) a primary control system having source interface 
processors for receiving parameter- controlling inputs and a 
central processing system cooperating with the source 
interface processors for encoding the inputs into system 
control commands for exercising control over the lighting 
system; (2) a plurality of supplementary control units 
coupled to one or more of the source interface processors of 
the primary control system for entering parameter- controlling 
inputs; and (3) one or more of the source interface 
processors further comprising translating means for 
translating the parameter controlling inputs to meet 
requirements of the primary control system. 

According to another embodiment of the invention, a 
lighting system is provided, comprising .- 

(1) a control system having a central processing system for 
processing parameter- controlling inputs, the central 
processing system responding to the inputs and generating 
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system control commands for exerrH * • 

«> a plurality of multiple parameter lam, • 
-ans for producing a i ight b ' ^ 

Stable parameter ^ ^ " * 

drive means for " characteristics and 

means for controlling a plurality oft*. 
Plurality of lamp units bein Parameters, the 

P bein 9 comprised of: 

< A > * first set of mmtip^ 

memory for storing cues * 

Processors for executing 

cues upon receipt of t-h* « 

Jfl . SyStem Coi *rol commands 

identifying cues; and 

(B) a ^cond set of multioi- ^ 

* controller for Ieee - . ^ »*«. having 

parage, * pro ««^ ^solute 

parameter values; ana 

<3) * co ™"»i«tion system tor conneccina e„ 
» -h lamp unit. the co^nicatioTs ^ ^tern 
load interface processor niC " l0n ^u d es a first 

- «~t set o Z e0nBeCtiD9 "» — — to' 

- — - loaa inter£ace J^Z^T ° £ ^ 

translating the system control , Pr ° CeSS ° r '« 

"ntrol comands into absolute 
parameter values for ,k. »°iuce 
"es tor the secona set of la^p mits 

According to a further embodiment of the invent- 
modular conr^n lnv ention, a 

controller is provided for a lioh^ 
comprising - l»Shtwg system, 

"Ptxsans a central control system bavins a central 
Processing system for procession „ 

processrng Parameter-controlling inputs. 
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the central processing system translating the inputs into 
system control commands for exercising control over the 
lighting system; a plurality of supplementary control devices 
for entering parameter- controlling inputs according to a 
specified format, the parameter- controlling inputs directing 
the operation of the lighting system; at least one source 
interface module for connecting the central control system to 
one or more of the supplementary control devices, the source 
interface module supporting an independent data network that 
conforms transmissions to each of the connected supplementary 
control devices according to the specified input format 
associated with the supplementary control device; a plurality 
of multiple-parameter lamp units each having means for 
producing a light beam having a plurality of adjustable 
parameters relating to beam characteristics and drive means 
for controlling a plurality of the parameters in response to 
the parameter- controlling commands; and at least one load 
interface module for Connecting the central control system to 
one or more of the multiple -parameter lamp units, the load 
interface module supporting an independent data network that 
conforms transmissions to each of the connected lamp units 
according to the specific communications protocol associated 
with the lamp units. 

Prom the process point of view, the invention can be 
summarized as a method for controlling a lighting system 
having a primary control system from any one or all of a set 
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- ~PPU~»tary control units having diverse si9nal 
e priTOry control 8ysten ^ a centrai 

the control method C0fflpri8ing the o£ ^ 

supplementary control contends at one er ^ q£ ^ 

supplementary control unite; eoupUag ^ 8uppleme 

contra COTm ands to the primary concrol 8ysten; ^ 

the supplementary con t rol CMmad8 ^ ^ ^ ^ 

^ suppiementary control unite into a for™* co^tihle wlth 

prrmary centre! system; ana processing the translated 
supplementary control co^nds ln the central ^ 
system into system control co^anos for exercising control 
°ver the lighting system. " , 

^ According to another embodiment of the invention £ rom the 
P ess ot vi6K . zbe invention _ _ iMd m 

- for controlling a lig htins systen . 
- em an, a plurality of multiple parameter las, units, the 
-thou comprising the steps of generating parameter 
controlling inputs; processing the parameter- controlling 
-puts for directing the operation of the lignting system; 
negating system control co^ands for exercising control over 
lamp units; transmitting the system control co^ands to a 
-irsc load interface processor „ 

Processor and a second load interface 

P-cessor each connected to the control system and one or more 
o he multiple parameter lamp units; transmitting the system 
control co^ands from the first load interface processor to 
the connected lamp units, translating the system control 
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co»»ands in the second load interface processor into absolute 
parameter values; and transmitting the absolute parameter 
values from the second load interface processor to the 
connected lamp units. 

Other advantages of the present invention will become 
apparent in the following Detailed Description taken with the 
accompanying Drawings. 



« 
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"or a »o re compleCe VBaetstaadixig ot ^ prMent 
mention ana the advantages thereof. refer ence is 
now nade to the foUowing description taken ^ 
conjunction with the accosting drawings, in which- 

FIGURE 1 is a perspective view o £ a coaputer^ 
controUed ii 3hting 8y8teB Qf ^ ^ ^ 

P»sent invention as set up tor inking . stage; 

™™ a is a Moc* diagra* of the iighting 
svste m of the type which ray e^ody the present invention 
wh 1Ch iUustrates the conTOlaicatim between ^ ' 

stage equipment; 

FICUHE 3 is an iliustration of the front pane! 
-r a controa consoie for a Ughting aystea „ f ^ 
-y e^ooy the present invention; 

subsystems which are of r** » 

"CURE 5 is an electronic ^ ^ 

lamp processor system portion of a lamp unit; 

FIGURE e is a hlocK diagra, illustrating a lamp 
unit stepper control system; 

FIGURE 7 is a block d . agram iUustrat . ng ^ 

index sensor system for use with thm 

use witn the stepper motors 

m a lamp unit; 
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FIGURE 8 is a block diagram illustrating servo 
feedback control of a motor within a lamp unit 
including rate of movement control and position 
monitoring; 

FIGURE 9 is a detailed schematic diagram for a 
repeater as shown in FIGURE 2; 

FIGURE 10 is a flow diagram illustrating the operation of 
programs in the control console which includes a main 
sequencer that steps through a number of sensing, 
communication and other operational control programs; 

FIGURE n is a flow diagram of additional programs 
utilized in the control console for carrying out the operation 
of the lighting system of the type which may embody the 
present invention; 

FIGURE 12 (a-b) is a flow diagram illustrating the 
individual steps carried out in a lamp unit for initializing 
the lamp unit to begin operation; 

FIGURE 13 is a flow diagram illustrating the basic 
operation of programs in the processor of the lamp unit 
including a main sequencer program which steps through a 
command reception unit and a series of test programs; 

FIGURE 14 is a flow diagram illustrating the operations 
carried out within the lamp processor for receiving parameter 
control commands, processing these commands and directing the 
physical operations that are carried out by mechanisms within 
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t»e lamp ^ for causing ^ beaa 

set of parameters; selected 

FIGURE 15 is a blo-i, dlam .„ „ 

FIGURE 9; ^ dMSram of a «P«ter as shown in 

FIGURE 16 is a blocfc Qia3ram 
°£ two signal <,(<=-,•>. ■ 3 ""^connection 

FIGuT 7 ^ mSt " /Sl - -ation Sh i Pi 

-ter e 1 " PreSSnt inVeOCi - - 
repeaters connect^ t he console and che lamp 

9 cne existing broadcast network; 

— woc * au9ran ° £ - — — 

9 tne exiting reply network; 
W >"uch nay embody' the present invention- 

snowmg an lmprovea broadca ne 
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FIGURE 24 is a block diagram of the Ughting' system 
shoving an improved reply network of the type which My ^ 
the present invention; 

FIGURE 2 5 is a block diagra* of the electronic subsystems 
forming part of a modular controller mainframe; and 

FIGURE 26 is a block diagram of the modular control 
console system . 



^-DESCRIPTION OF PREFERRED BMPnn 



IS 

The present invention is an automated lighting system for 
providing illumination to a' stage performance. Such automated 
Ughting can provide a vide variety of illumination effects 
vhxch are not possible with fixed lighting instruments. A 
typical installation for a computer controlled lighting system 
20 „ accordance with the present invention is illustrated in 
FIGURE i. The system 20 is shown as it would be installed for 
Uluminating a performance on a stage 22. The operation of 
the system 20 is directed by a control console 2, which serves 
to manually set the lighting effects of the system 20 or to 
automatically command the system 20 to produce a desired 
lighting effect determined by stored lighting cues. The 
console 24 is connected via a data link 2* to each las* unit 
wrthin a group of lamp units, one las* unit being shown by the 
reference numeral 28. 

Each of the lamp units, such as 26. have a uni^e address 
such that there can be individual communication between the 
console 24 and each of the lamp units. The data link 26 is 

13 
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further connected to pedestal 

lamnc w Pedest *l lamps, such as 30 and floor 

such as 32 . 

-ensitv of these w _ be cQntroiied ^ - 
qeneratea by the console 24 l„ „„ 

causes ch. . °Pera tl on. the system 20 

-uses the movable lanps , 8uch ^ ^ ^ ^ 

;iT y for ^ mt - eoior ' - — - 

1 Che PedeStal ^ - ~ O- 1— 32 are aa, U stea 

zt; 3 " Bith che addicioa - - — i- 

Peaesta! lanps 30 can aiso ^ aajusted ^ 
system 20 is op^^^ „ The 
(,,„ . Proviae a sequence of "cues- for 

u^ natrnqche sta 3 e 22. 

nr " 1 response — ~ - — - - — 

* -pxete perforce say require the settinq of severs! 
-narea cues to proviae ^ ^ J 

n ^ SySte " 20 "^"ratea in FIGDRE X shows a 
DUmber ° £ "it., such as unit 28. 

However, an actual stage nerfo™, 

>-»9e performance may require 
several hunarea of such 1=™, • 

such lamp un«s. m t , ct , a x 

outaoor rock concert coula require th. 

units ir U8S °* UP CO 1000 

Z'a reSdUy beSn SeeD ttat ^ thousana. of 

r; ^ " 9ener " ed ^ ^ — of each 
lamp for each of the cues within a , 

within a performance, it i s verv 
possible to require ten of ,u ^ 

quire ten of thousands of commands during a 
single performance. 9 

The lighting effects provided h y the system 20 
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must be properly synchronized with the stage performance to 
produce the programmed entertainment effect. Should any one 
of the lamps respond incorrectly or fail to respond, the 
visual effect may be destroyed, it is therefore vitally 
important that the lamps properly respond to the cues which 
are initiated by the console 24. 

In previous automated lighting systems, it has been 
necessary for a control processor to generate each command 
required for setting each parameter for every light in the 
system. As noted above, this can require that the control 
processor generate tens of thousands of commands and that each 
of these commands be accurately conveyed via a data link to 
the lamps. Should there be any error in the data 
transmission, the lamp may respond erroneously and harm the 
visual effect. The electrical environment in the region of a 
performing stage includes many types of interference due to 
the heavy consumption of electrical power, for both audio and 
lighting equipment, in a very limited area. This electrical 
interference can interfere with the data transmission from the 
console to the lamps and can cause the lamps to improperly 
respond. The system 20 of the present invention is designed 
to overcome many of these problems while providing the 
capability for almost unlimited expansion in the number of 
lamps which can be utilized at any one time for a performance. 

A functional block diagram of the system 20 as it is 
utilized to control a plurality of items of stage equipment is 

15 
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shown in FIGURE 2 . The concrol ^ 

xe ^4 is connected 
operate through the data link 26 for controil ■ 
of items of staae » • c °ntrolU„ g a plurality 

ems of stage equipment. The data lime 26 includes 

bidirectional paths 38 and 40. Path 38 nf „ 

„ . . Path 38 of data link 26 

provxdes data communications between the 

anH fi w ' oetween the concrol console 24 

and each of the lamp units and other unite • M 

2n «u tS Wlthi n the system 

L 40 Pr0VideS ^ — — «" «~ — L the 

in addition to the lamp unit 28 , , 

«-* are shown in PIGURE 7 ? "' ^""^ ^ ««- 

The .ace 26 extends t „ cover a considerab 
the region of the scape 22 t„ 

electric- 1 , of the 

* -cal conmaMs chat ^ ^ 

re ace provided a group o£ ^ _ 

repeaters S2-SS. which are £urther ^ 
ow. provide as, li£icacion ^ ^ 
cransmrcced chrough Che data l ink 26 . 

The concrol console 2, serves not onlv to control the 
auco-cic such as 28. but can alSQ fae 

P'u-a'irv Used " control a 

; conventionai dironers - ~ - - -a 

6 18 C ° nneCted t0 * C — 1 signal converter 62 which 
transforms the digital sianal e 

into a , reCeiV6d thr ° U9h the 26 

into analog control signals f ftr . 

di— directing the operation of the 

dimmers within set 60. 

The control console 24 MB »<• 

soie 24 can also be used to control a 

Plurality of convencional color conger m echan iMB 3,. SUC h as 
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gel scrollers, affixed to conventional lamps 30. The data 
link 26 is connected to a control signal converter 63 which, 
like converter 62, transforms the digital signals received 
through the link 26 into analog control signals for directing 
the operation of color changers 34. Converter 63, however, is 
programmed to store intensity and color parameters for each 
control channel, and is further programmed to produce at least 
two analog control voltage outputs for each logical control 
channel, one such output being applied to one of the 
conventional dimmers 60 and another output being applied to a 
corresponding one of color changers 34. 

This arrangement simplifies programming of the lighting 
system, since an operator can specify intensity and color 
parameters of a suitably equipped lamp unit by selecting a 
single control channel. Also, by logically separating color 
controlling outputs from intensity controlling outputs of the 
control signal converter 63. the converter can be programmed 
to maintain the position of the color changer mechanism while 
fading-out the intensity of the conventional lamp units. This 
eliminates the annoying effect of colors changing while 
fading- out the system with the Grand Master fader. 

The repeaters 52-58 serve to expand the 
connections to the data link 26. This is termed "fan out". 

Other stage action effects may additionally be controlled 
by the console 24. For example, the data link 26 can be 
connected to a control signal converter 64 from the repeater 

17 
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1 converter " ean produce em ™ - aireetln9 

operas o£ . chain hoisc ^ ^ _ ^ ^ 
a special effects projector 70. 

The control console 2 , serves as an interface to the 
collection of sta 9 e devices which are subject to control, 
-ese stage oevices and the associate, centre! are te OTe a a 
-vice Control Wetwor,-. ». control function is previa by 

of I T ° £ ^ ~* **** *» — -s grou 
- control units is ter»ea the -Control aesources Hetwor*. 

21 MtW ° rk 3 *- BO which provides 

' Ct ™ Mnl «"« »*— the control console 2 4 as „ u „ 
^tion.1 or alternate control consoles such as 8 2 ^ M . 
The direction of the syste* 2 o can further he effected at a 
-note location by operation throu g h a remote control unit 84 
lS "« «- » the bidirectional bus 80 

* front panel 84 for the control console 24 is 

USCrSted " ™ 3 • - P-l 84 serves to directly 

to " ° £ aUtOM " d ^ - - >- -t i or 

provide eutopic control for all of the las* units The 

Panel 8 4 includes a group of *ey switches 88 which Provides 
-»ect assignment of cue nu^ers for particular lig htin9 
-cups. A .roup of rotary controls 88, 80. 8 2 and 94 provide 
color selection for a particular law, • 

units „ rticular lamp unit or group of las* 

"nits. Kotary controis 88. 88. l0 „ Md 102 ^ 

c-rol of pan, tilt, intensity and 2 oos, £or each of J 

a group of te y switches 104 provide function of preset 
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color selection. A particular lighting cue is entered into a 
console memory by operation of a store switch 106. 

A grand master fade control 112 provides overall fading 
effects for all of the system 20 lights at one time, a 
black-out switch 114 turns off all lamps at one time. Cross 
faders 116 and lie provide relative intensity control during a 
transfer from one cue to the next. The numbers of the cues 
involved in such a transfer are shown by indicators 120 and 
122. Cue numbers are entered at the console 24 through a key 
pad 124. An -s- key is provided for storing a cue while an 
"E- key is provided for entry of a new cue. The current cue, 
which has been entered at the key pad, is shown by an 
indicator 126. A group of key switches 128 provide for the 
entry of cue numbers for a first cue. A group of key switches 
130 provide entry of a cue number for a second cue. 

The control panel 84 can take many forms provided that 
it allows for direct manual control of the lamp units as well 
as for storing and recalling of cues for the system 20. 

An electrical block diagram for the console 24 is 
illustrated in FIGURE 4. The overall control of the console 
24 is carried out by a central processing unit (CPU) 140. A 
representative microprocessor for use as the CPU 140 is a 
model 68000 manufactured by Motorola. The CPU 140 is 
connected to a data bus 142 and an address bus 144. The 
control console 24 is provided with random access memory (RAM) 
146 and electronically programmable read only memory (EPROM) 
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148. Both of the memories 146 and iab *<r* „~ 

ana 148 are connected to the 

aat. bus 142 ^ the address bus M4 ^ ae m 

other events of the console 24. can hoth .rite to and «ad 
from the memories 146 and 148. 

A hard disk teive 150 . l8 prw . ded ^ eoasoie ^ 
for bulk storage of program and data. There is further 
provided a floppy disk <*ive 152 for reading and writing 

conventional flotjov disk«ei>». > 

oppy alettes, a controller 154 is connected 

to operate the hard disk drive 150 and is connected to the 
remainder of the circuit of console 24 through the data bus 
142 and address bus 144. Likewise a floppy disk drive 
controller 155 is connected to operate the floppy disk drive 
152 and is further connected to the data bus !42 and the 

™« =°-°le panel 84. that is. the 
■w«che.. lights, optical encoders, potentiometers and alpha- 
numeric displays there*. is accesaed through ^ ^ 
interface circuitry «. Khich is comewa ^ ^ ^ 
Pane! e< and to the data bus 142 and address bus 144. 

Co^unication with the automated las* units is carried 
out by use of a direct memory access circuit 164. a 

communications controller 166 a ^ « « 

roiier 166 and a Manchester encoder 168 

The data bus X42 and address bus 144 are both connected to the 
^rect memory access circuit 164 and the coMounications 
controller 166. eviction is also provided between circuit 
164 and controller 166* The Manchester encoder 16, bi- 
directionally comitates with the co»unications controller 
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166 and also transmits and receives data to and from the data 
link 26. 

FIGURES 5, 6, 7 and 8 are block diagrams illustrating 
the electronics in a lamp unit of the type which may embody 
the present invention. FIGURE 5 specifically shows the lamp 
processor, memory and associated components. FIGURES 6, 7 and 
8 are block diagrams showing circuitry that specifically 
drives particular parameters of the light beam in a light 
unit. 

Referring now to FIGURE 5, there is shown a lamp 
processor system 178. The data link 26 has the transmit and 
receive lines thereof connected through respective amplifiers 
180 and 182. The transmit and receive lines of the data link 
26 are connected through a switch 184 which is operated by a 
solenoid 186 that is driven by an amplifier 188. The switch 
184 provides a "loop back- capability for making a direct 
connection. between the transmit and receive lines in the data 
link 26 such that the lamp unit processor can perform 
self-testing without the use of the data link 26. The 
transmit and receive lines of the data link 26 are input into 
an encoder/decoder 190. (Harris Semiconductor Products 
Division Model HD-6409) . The encoder/decoder 190 is connected 
to a lamp unit address bus 192 and a lamp unit data bus 194. 

The lamp processor system 178 includes a 
microprocessor 200 which directs the overall functioning 
within the lamp unit and specifically generates the commands 
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the Ught unit. ^ croprocessor 200 is a 

Model 88000. These papers include pan. tat, intensity 

color an, beam si2e . The ^ croproee880r 200 ^ ^ 

the address bu8 192 ^ th6 ^ ^ ^ ^ ^ 

system l78 further incluaes a ^ ^ EfRcw j ^ ^ 

program for driving che vari0u8 ^ ^ 

states and the cues tor determining what these states shali be 

ere stores in this memory. The microprocessor 200 is further 

connected to receive interrupts ana send acknowledgement. 

through an interrupt encoder/acHnowleuge circuit 204 .Motorola 

Model 88230, by use o£ an acknowledge bus 20, and an interrupt 

bus 208. * 

interface and tiding ot the various circuit elements 
within the lamp processor system 17S is provided by an 
interface and timing circuit 210 (Advanced Monolithics Model 
»»«> . The identity of a particular lamp unit is determined 
by a thumb wheel setting which is included in a lamp unit 
identity circuit 212. This identity i E input to the incerface 
and timer circuit 210. A bulb power supply 21, has various 

interrupt and acknowledge state* wv,,-„k 

ge states which are also transmitted to 

the interface and timer circuit 210 . The microprocessor 

200 generates a series of control signals which are 
transmitted through a bus 21* to a decoder 218. The output 
from the decoder 218 comprises a group of control signals 
which are directed to a decoder 220 and further distributed as 
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control commands throughout many of the circuits in the lamp 
processor system 176. A group of control signals are produced 
by the decoder 220 and transferred as control signals to the 
specific control circuits shown in FIGURES 6, 7 and 8. 

The data transmitted through the data bus 194 i s 
provided to a buffer 228 which in turn transfers the data to 
the various parameters control circuits shown in FIGURES 6, 7 
and 8. 

The interrupt and acknowledge signals on lines 206, 
208 are provided to a vector generator 230 which generates 
corresponding vector states that are transmitted through a bus 
232- for transmission through data lines to the parameter 
control circuits shown in FIGURES 6, 7 and 8. 

The interrupt signals produced on line 208 are further 
provided as interrupt signals to the parameter control 
circuits in FIGURES 6, 7 and 8. Likewise, the acknowledge 
signals produced by the parameter control circuits in FIGURES 
6. 7 and 8 are transmitted through bus 206 to the interrupt 
encoder/acknowledge circuit 204. 

The data bus 194 is further connected to a buffer 238 
which transmits the data to both a direct memory access 
circuit 240 (Motorola Model 68440) and to the input of a 
buffer 242. The output of the buffer 242 is provided to the 
address bus 192. Handshake control signals are passed between 
the DMA controller 240 and the multiprotocol controller 246 to 
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synchronize the high sneeri „™. 

ign speed communication of data to * 
the microprocessor 200. * fr0m 

A control bus 244 serves a. . m„- 

between the direct Sectional connection 

memory accefis 

multi -protocol communicat -i «« 

mmunication controller 246. (Rockwell 
International Corp. Mod el 68S6D ™ 

nrrnHH } ' ^ enc °der/decoder i 90 

provxdes received data and receive „i u 

246. Transmit data and t 

controller 24 h ^ ™ ~ '~ 

signals ar —/decoder 190 . Various control 

en I T " bStWeen ^ C °™~ 2 - -d the 

encoder/decoder 19 0 . 

directed t= fk . interrupt output 

to the nacroprocessor 200 . !n response to an 
interrupt a cta owled 9el „ ent £rom P *" 

controller 2 « s Dl „ . »«roprocessor 200, the 

— — — , -rrrrr — 

The Multiprotocol controller a*, has serial data 
— 1. and receive inputs in addition to ^ ^ 

identified i s capable of dma a , ™ 

~. per second IT h tranSf " t0 3 ° f 2 

cond. The hl gh speed data stream of this 

nature permits the downloading of the . v, 

-e infection in a very short ^ ^ 

ery short Period of time. 
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The encoder/ decoder 190 operates in conjunction with 
the communications controller 166, shown in FIGURE 4, to 
convert the format or protocol of the data transmitted 
serially through the control processor 24 into a format 
acceptable by the lamp processor circuit 178. 

Lamp processor system 178 includes a network of clock, 
control and power lines (not shown) which are routinely 
required for the operation of a microprocessor circuit. 

The lamp processor system 178 serves to initialize the 
entire lamp unit, command the operation of the parameter 
control circuits in response to manual input commands from the 
console or from stored cues, transfer stored cues from the 
memory 202 back to the control console for storage, and 
respond to broadcast commands received through the data link 
26 for recalling cues from the memory 202 for commanding the 
operation of the parameter control circuits, which are shown 
in FIGURES 6, 7 and 8. 

Referring now to FIGURE 6 there is shown a parameter 
drive circuit 254 which serves to operate stepper motors that 
are used within a lamp unit. Such a stepper motor is used, for 
example, for selecting color, determining iris size and 
selecting a gobo pattern. The microprocessor 200 has control 
and data paths, which are described in FIGURE 5 that are 
connected to a latch 256 and a timer 258. The interrupt and 
acknowledge lines noted in FIGURE 5 are further provided to an 
interrupt encoder circuit 260. The data captured by the latch 
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256 is transferred through a plurality of lines t0 a 
programmable array logic (PAL) 262. The PAL 262 produces a 

combination of control commands that are sent „ 

sent through a cable 
264 and an enable line to a power amplify 2S6 . The 

amplifier 266 generates a series of power signals which are 
transmitted through a group of lines 270 to a stepper motor 
272. The power signals on lines 270 cause the motor 272 to 
-v. in a essence of steps to a desired angular position. 

The timer 258 produces timing signals retired for the 
operation of the stepper motor. These tiding signals are 
Prided to both the intermpt encoder circuit 260 and the PAL 
262. Thus, when it is retired that a stepper motor change 
Position, the microprocessor 200 produces a control command 
that is sent as data to the latch 2S4. The latched data is 
Chen transferred into the PAL 262 which converts it into 
contro! si g Mls that „ ^ ^ ^ 

Provided tb the stepper motor 272. „nen each operation 
retired of the stepper motor has been carried out. an 
appropriate intermpt or acknowledge contend is transmitted 
trough the circuit 260 bac* to the microprocessor 200. 

A further parameter control circuit 278 is shown i» 
FIGURE ,. The circuit 27a is u8e d with mechanical control 
parameter units which retire position sensing. Por the 

present embodiment the circuit 278 is „,,.„ . 

' " i7B ls ue ed to control three 
wheels and one iris. Each of the wheels end iris has a 
sensor. An example is presented for operation of e wheel, 
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such as a color wheel, by a stepper motor. The wheel includes 
a mark, or magnet which is detected by a sensor 280 which is 
operated by an index sense circuit 282. The detected index is 
provided to the noninverting input of an amplifier 284. A 
fixed reference voltage is provided to the inverting input by 
operation of resistors 286 and 288. The output from the 
amplifier 284 is provided to a buffer 290. The output of the 
buffer provides address control, data, and interrupts for each 
of the parameter circuits to the microprocessor 200. An 
acknowledgement of each interrupt is provided to the buffer 
290. 

Referring now to FIGURE 8 there is shown a parameter 
control circuit 296 which provides drive and feedback control 
for parameters such as pan and tilt. The data bus from the 
microprocessor 200, as shown in FIGURE 4, provides both 
position and rate of change feedback and rate of change 
command data for a servo motor 298. The speed control data is 
input to a latch 300 which outputs the data to a digital to 
analog converter 302 which produces an analog signal that is 
input to the noninverting terminal of a driver amplifier 304. 
The driving terminals of amplifier 304 are connected to the 
terminals of motor 298. A tachometer 306 monitors the speed 
of motor 298 and provides a corresponding analog signal to the 
inverting input of amplifier 304. Thus, there is provided a 
feedback loop for determining the rate of rotation of the 
motor 298. The angular speed information is further 
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transmitted to an analog to digital converter 308 which 
provides the digital for. of the speed information to a latch 
310. The output from latch 310 is provided as a data signal 
back to the microprocessor 200. 

The motor 298 is physically connected through a clutch 
312 to a quadrature encoder 314. The two outputs from the 
encoder 3!4 are provided respectively to first inputs of 
amplifiers 316 and 318. The second inputs of these amplifiers 
are set to reference values by operation of resistors 
connected between the power supply and ground. The outputs 
from the amplifiers 316 and 318 are provided to a converter 
320 which transforms the analog p oaitton signals iM0 
signals which are transmitted through a clock line and a 
direction of rotation line to an up/down counter 322. The 
output from the counter 322 is an indication of the position 
of the motor 298 and is transmitted through the data hus back 
to the microprocessor 200. The converter 320 further serves 
to produce an interrupt signal and to receive an acknowledge 
signal which are exchanged with the microprocessor 200. 

The repeater 52, which is similar to each of the 
repeaters shown in FIGURE 2, is described in further detail in 
FIGURE 9. The purpose of the repeater 52 is to provide high 
speed data transmission between the lamp units, as well as 
other controlled stage devices, and the control console 24 
The repeater 52 is connected serially with the data link 26. 
The repeater 52 provides bidirectional communication for the 
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paths 38 and 40. The lamp units and the consoles can each be 
considered to be both a source and a destination. The 
description of the repeater 52 is made in reference to the 
control console being a source and the lamp units being 
destinations. 

The repeater 52 is designed to handle high speed data 
transmission through the paths 38 and 40 which are preferably 
50 ohm transmission lines. Repeater 52 has a transmitter 
section 332, the upper portion shown in FIGURE 9, and a 
receiver section 334 which is shown in the lower portion of 
FIGURE 9. 

The data link path 38 is connected to the input 
terminals of a transformer 336. Resistors 338 and 340 are 
connected respectively between the two conductors of path 38 
and ground. Further, the data link path 38 is provided with a 
shield which is also grounded. The secondary of transformer 
336 is connected to the noninverting input of an amplifier 
342. The inverting input is connected between biasing 
resistors 342 and 344. a capacitor 346 is further connected 
between the inverting input of amplifier 342 and ground. 

The output of amplifier 342 is connected to the input 
of a Manchester encoder circuit 352. The output from the 
Manchester encoder circuit 352 is passed through an invertor 
354 to one or more differential current line drivers. The 
output of invertor 354 is connected to one such line driver 
356. The output from the line driver 356 is further connected 
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-to the path 3S f or transmission to ^ 

" " » —ion *uch as . lamp ^ 

In the receiver section 334 
the ^ n 334 ' the P ath « is connected to 

the primary terminals of a transformer 35s p • 

aBronner 358 • Resistors 360 and 
are connect between che conduccor lines e£ ^ ^ 

9r ° Und - ASalD - "» shie " « li-* 40 is ground. ^ 
second of transtOOTer 35e is coanectea co inpuc ^ 

"P «ie r rae second input o£ upU£ier 3M ^ comected 

the 3 unctio„ o£ resietors 36£ ^ a capacitor 

connected het„een the j(mccion q£ ^ 
ground. 



The output signai from the anpliuer 36< is pa88ed 
through an invertor „, to the o£ a tencheBter ^ 

«• The output fro* encoder 3?4 i8 £urther ^ thMu 

-error 3 76 to the input ot . di£ferential line ^ 

- output. f™ une driver 37e are connected ^ ^ ^ 

I' r ntial t ~ * « — - - - Un* „. ^ ^ 40 

- dxrected to the controi consoie 2 < or to che reeeiver 
section of a further repeater, such as repeater S2 . ^ 
Manchester encoders 35? an n 

" e ariVen * » «=illator 
wh lch provi.es inputs at a cloOc rate of 16 *H Z . TOe 
repeater 52 £urcher includes , ^ ^ ^ 

a ser.es co^ ination of a resistor ^ ^ ^ ^ 
These series components are connected hetween the positive 
voltage supp ly »a ground. An invertor 3ee has the input 
thereof connected „ the ^ ^ ^ 
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capacitor 386. The output of inverter 388 is connected to the 
CTS inputs of encoders 352 and 374. The output of invertor 
388 is further connected to the input of an invertor 390 which 
has the output thereof connected to the reset inputs of the 
encoders 352 and 374. At power-up, the reset signals to the 
encoders 352 and 374 are at an initial low logic level for a 
short period of time. When the capacitor 386 is charged, the 
reset logic state changes and goes to a high logic level for 
normal operation. Thus, the digital circuits the Manchester 
encoders are set to predefined states when power is initially 
applied. 

In a selected embodiment of the present invention, the 
Manchester encoder/decoders, such as 352 and 374 as well as 
encoder 168 shown in FIGURE 4, comprise an integrated circuit 
model HD-6409 manufactured by Harris Semiconductors Products 
Division. The Manchester encoders 352 and 374 have the mode 
select input connected to a logic high level thereby selecting 
the repeater mode. The Manchester circuit operates by 
receiving the high speed data stream for conversion into the 
nonreturn to zero (NRZ) form. The clock signal is recovered 
from the data stream in a conventional manner. The data 
stream is then retimed and reconstructed before being output 
to the invertor. in this manner any distortion in the nature 
of pulse width, delay or otherwise is not compounded through 
the transmission in the data link. The reconstruction and 
retiming of the high speed data stream at each repeater serves 
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effect of this change and calculates the desired response 
within its own processor, in processing a high level command, 
each lamp unit processor requires no interaction with the 
other lamp units, or with the console. For example, a single 
message that a fader on a console has been moved is 
transmitted to all the lamp units simultaneously. Each lamp 
unit processor recalculates the balance of the recalled cue 
information based on the individual involvement with the cue. 
Various lamp units may have different actions for one cue, 
some lamp units may not be active at all. With this new 
configuration, all cue memory for instantaneous recall is 
maintained in each individual lamp unit memory. Each lamp 
unit thus has available all cue information within the unit 
itself. However, for backup and long-term or secondary 
storage, the console processor maintains a copy of the cue 
data for each lamp unit. This backup is maintained on a disk 
storage and. is read into the memories of the lamp unit upon 
system initialization at lamp replacement or for a complete 
memory change over. 

It can be seen from the foregoing that the efficiency 
and reliability of the system has improved since the large 
body of cue data is transmitted through the narrow band-width 
communications link only once, namely, at system 
initialization. Thereafter, the cue data is available within 
each lamp unit, where the reading and writing thereof is 
performed in the environment of the high band-width local 
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nature of an endless loop which branches out to other 
subsidiary programs in a predefined and unvarying sequence. 
When each subsidiary program is entered in the sequence, it 
performs a specific function before returning to the main 
sequencer loop. 

One of the subsidiary programs of the console is the 
switch input sensing program. This program performs a 
complete scan of all the console switches appearing on the 
front panel thereof. The depression or release of any switch 
is sensed by the processor complex, whereupon the appropriate 
response routine is activated for each switch in which a 
depression or release was sensed. The status of each newly 
activated switch is transferred to the response routine. 

The switch input sensing response routines are 
individual scripts which specify actions to be taken when a 
certain switch is pressed or released. Some switches are 
functionally grouped together and therefore employ the same 
response routine, m this event, the number of the switch 
within the common group is identified during the response 
routine, in which the number is used as a switch identifier in 
the script which is common to all switches in the group. 
Examples will be described below. 

A second subsidiary program which the console processor 
enters in the sequence, is the optical encoder input scanning 
program. As noted above, the rotary location of various 
console devices are determined, and acted upon accordingly. 
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encoder input scanning program, if the sensing of the fader 
shows a new position, the fader identifier is combined with 
the actual value read from the fader, and the information is 
sent via the network to all lamp units as part of a command 
message. The lamp units each determine the applicability of 
the new fader value based upon the fader identifier and the 
lamp unit's internal state. 

A pending message manager subsidiary program comprises 
an additional program entered in the sequence by the main 
sequencer. In certain circumstances, the console switches can 
be activated by the operator faster than the corresponding 
messages can be transmitted in accordance with their 
respective response routines. Therefore, if a response 
routine finds that a previous message has not been transmitted 
to the network by the console processor complex, a pending 
message packet will be generated by the respective response . 
routine. This packet is sent when the previous message has 
been completed and transmitted. The pending message manager 
subsidiary program scans the various subsidiary programs for 
the existence of any pending message packets, and also scans 
if associated previous messages have been transmitted. A 
command message corresponding to a pending message packet is 
then dispatched by the pending message manager, when a scan 
finds that a previous message has been completed. 

A character display control subsidiary program is 
entered by the main sequencer for servicing alpha- numeric 
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generated by the console electrical apparatus. Each 
associated program is a consolidated set of routines which 
provides control of various hardware functions, data structure 
or aspect of the console's logic state. One such associated 
program comprises the communications manager program. The 
primary function of the communications manager program is to 
control the transmission network between the console and the 
plural lamp units. The coordinated transmission of data to 
the network demanded by the various response routines is 
important to assure an orderly flow of information in 
accordance with the urgency of demands imposed by the 
respective response routines. The parallel nature of the 
transmission network is highly desirable insofar as a failure 
of one lamp unit does not affect the transmission capability 
of the other lamp units. This is in contrast with the -daisy- 
chained" or serially connected networks typically employed. 
As noted above, the communication path between the console and 
the lamp units are full duplex paths, i.e. a transmit and 
receive path on which independent and simultaneous data 
transmissions may occur. The communications manager program 
has control of the lamp units and the data transmitters 
located therein, thus can insure that only one lamp unit, at 
any one time, is using the network transmission path. m 
accordance with the communications manager program, there are 
provided two types of message addresses; namely, individual 
lamp addresses and the broadcast address. Each lamp unit of 
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course of the performance are in the nature of broadcast 
messages. With the architecture, the performance of a show is 
not impaired by the failure of one lamp unit which would cause 
it to continually transmit data, thereby tying, up one half of 
the duplex network directed from the units to the console. 
The other half of the duplex transmission line of the network, 
that portion extending from the console to the lamp units, 
thus remains operative for transmission of console information 
to the units, as a result, each unit can react to the change 
of status of the console switches, dimmers, rotary encoders, 
etc. The receipt by a lamp unit of a message transmitted 
specifically thereto, is acknowledged by a transmission from 
the lamp unit to the console. In the event a response is not 
received from the lamp unit, the communications manager will 
retransmit the command message. This retransmission negates 
the effect of any faulty transmission by the lamp unit because 
of noise or other problems. However, the lack of a response 
from the lamp unit after several retransmissions by the 
console processor complex is taken as an indication that the 
lamp unit is no longer operational. Selected messages 
transmitted by the lamp units will involve the transmission of 
data to the console, m a comparable manner, this 
transmission may be retransmitted by the communications 
manager of the lamp unit processor complex, should a simple 
reply by the console processor in response to the first 
transmission not be received. In the event of a more severe 
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— - -1* correspond to the n^e, ot ti„es a message Has 

~ o sTr ed ' The comuoieations — - - 

7 ^ Un " S diSr89ard consoie 
trans^ssions b y tne use of the sequence nu^rs. ^ 

conations ^ pt03taa ^ ^ ^ 
recedes console message in accordance with the various 

rrci: ~ r ues such £ ~ — 

P units, m a particular message requires a reply 
«~ . la^ unit, the console processor will wait for the 
"Ply ana. when received, pass it hac* to the program 

initiating the message before trance • 

a ueiore transmitting subsequent 

messages . 

Shown in FIGURE 11. which ii lustrate<a 

ustrates the associated 
Programs, is a file manager program The «i " 

oversees th. 0aiia9er pr ° 9ram 

sees the disk file system, and provides sequential 

relative record and key indexed files for th„ i 

d Ilxes for the lamp unit cue 

The CUS a " a with each unit lamp is 

-encified by . £ile identi£ier ^ ^ 

control channe! to „ hich the rtl is 

«~ data is also stored on the die. hy f iles . one f „ ^ 
r gratia console ^ & ^ ^ . 

file manager operates in a conventional manner, the 
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associated programs in the figure also include a disk data 
manager program, m a conventional manner, the disk data 
manager provides the functions of managing the list of free 
sectors in the disk, allocating the sectors to various files, 
and locating a desired sector of a file and issuing the disk' 
hardware signals necessary to execute appropriate actions. 
This program requires modification to control the different 
disk drives employed in various implementations of the 
invention. Another associated program is shown in the figure 
as the exception display manager program. The exception 
display program usurps command of one of the alpha-numeric 
display devices located on the front panel of the console for 
drawing attention thereto of the operator. These situations 
generally arise during operation of the console where the 
operators acknowledgement or assistance is required to resolve 
a problem, a script of display data for display on the 
alpha-numeric devices is provided to assist the operator. The 
displayed data may include expected switch input responses 
which require activation. Once the problem has been resolved, 
control of the. alpha-numeric display device is returned to the 
character display program. 

The network state control program maintains management 
over the connection or disconnection of lamp units to the 
network, when a lamp unit connection is first detected by the 
communications manager program, the network state control 
program is signaled, in which event a sequence of checks is 
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iMtitUted OT ™~ ~ «Po«ed f rom the nevly 
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-o^se . fully operat±onal ^ ^ Response r ^ 

are previa £or each o£ the8e ^ ^ ^ 

appearance o t the Active hits. Qf _ o£ 

unions performed by ^ network 8tate control 

the downloading 6£ additlonll lanp unit pro9raB coae _ 
ownloadin, of cue data £or che ^ ^ and the 

<* Packets , £ ^ describins the currMt scate of 

console front panel controls. 

The disk state manager program monitors the insertion or 
removal ot disks from the disk drive, , 
. , SK dr ives. A console processor 

interrupt is derated on the insertion or removal of disks 
Because of the importance of maintaining updated cue 
-formation on the disk, it is of paramount Stance to the 
operators of the console that notification is given of 

situations which prohibit copies of t h„ la 

pxes of the iainp cue data from 
updated on the disk. Notification of such TO i function 
bought to the attention of the console operator through 
tne exception displav manager program. Such situations may 
-ur when the proper cognation of disks is not present in 
the disk drives. 

in accordance with the invention, there is provided a 
network real-time clock prograa, which is operative to 
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broadcast, on a regular basis, a real- time clock information 
to the lamp units. The real- time clock itUonMtlon amggiam 
date and time data information. This data originates from a 
battery powered integrated circuit in the console circuitry, 
and is sent to the lamp units- by way o£ the communications 
manager program. The network real- time clock program is 
activated by a hardware interrupt. 

During the ordinary sequence of a production or show, 
the console regularly requests lamp status data from each lamp 
located on the console, certain status bits, such as the 
cue-data-download request bit. cause activation of the network 
state control program, other bits, such as the bulb failure 
bit. result in operator notification by way of the exception 
drsplay manager as noted above, stiu other bits are simply 
stored for later examination by the console operator. The 
lamp status scanning program is also activated by a hardware 
xncerrupt. In response to an interrupt, the status of a lamp . 
« requested, and retrieved. Since che hhrani , cllner 
producing the interrupts operates continuously, the console 
processor complex has available the most recent status 
information from all lamp units connected to the 
communications network. 

The operations of the multiple controller network can be 
illustrated by referring again to FIG. 2 and FIG. 11. The 
bidirectiona! bus 60 provides data communication between and 
among the control console 24 and an alternate control console 
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One type of message is of the same format as the messages sent 
by the main control console to the lamp units. These messages 
contain data identifying the console which originated the 
message. As previously described, some messages to the lamp 
units produce a response from the lamp unit. This response 
also contains the data identifying the originating console; 
this data permits the main control console to route the 
response to that originating console. 

The second type of message sent from the additional and 
alternate consoles and remote control unit to the main console 
is a message to the main console itself. Some of these 
messages duplicate an action or sequence of actions performed 
by an operator manipulating the front -panel controls of the 
main console. These messages result in the main console 
sending to the lamp units the same messages that would have 
been sent had the controls physically been manipulated. Other 
messages cause the main console to modify the cue data and . 
programmed console data which are stored in the lamp units and 
in the memory and on the disks of the main console. 

An example of remote, control unit 64 is a hand- held 
device which the lighting designer carries onto the stage to 
use for fine adjustments to the azimuth and elevation of the 
lamp units, ensuring that the light beam does (or does not) 
fall on a certain set piece or area of the stage. Another 
control console 82 could be a director's console, used by the 
lighting director during rehearsals to display data for cues 
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other than the one currency being p e t£oITOd ^ ^ ^ 
or to recall cues in the lamp ^ vhen ^ ^ 
£rom the control console 24. 

mother control 84 is a controller as disclosed in u S 
Patent application serial no. 641.031. entitled .Creating 
Controlling Ughting Besigns-. This controller provi.es 
controls which incluaes prerecorded co^nds ana hands-free 
axecucion of a perforce. The disclosure in application 
ser la i no. 641.03! is incorporated by reference herein. 

toother controller 84 is a control device as disclosed in 
'" m "rial no. 693.366. entitled 

•l^ents In Hi 3 h Intensity Ugbt Rectors-. Provisions 
y this controller includes co.ands in video fOCT at. The 
disclosure of application serial no. 683.366 is also 
incorporated by reference herein. 

The alternate control console 64 could be located at a 
position which stives a n,«™ . 

saves a more appropriate view of the stage for 

certain types of perf ounces. The provision of this 
alternate console would prevent the necessity of m ov i „ 9 ehe 

■rain control console 2i arrf ... 

onsoxe 24 and its connection to data link 26 

toother .enfcer of the control resources network in 
cogitation with bus ao and its connected controllers is a 
unit having storage and playback facilities to store, for 
e^ie. the state of the settings of the .raster console 24 
and to recall or -play those m 

thereof, during certain .nodes of operation. 
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Other implementations of bidirectional bus 80 are 
possible, including a Local Area Network and a point-to-point 
data link between the control console 24 and a single 
alternate control console. Additionally, the additional or 
alternative control consoles or remote control unit could be 
implemented on a general -purpose computer, rather than the 
purpose-built console. 

The foregoing is illustrative of the various programs 
' available to the console processor. The following is an 
example of the execution of various above -described programs 
in response to the depression of a certain -channel select- 
console button by the operator. The depression of this button 
is operative to bring a certain lamp unit under manual 
control, whereupon the rotation of yet another console knob is 
effective to rotate the lamp about one of its axes. In the 
following illustration it should be reali 2 ed the effect of the 
decentralized control of removing console functions into the . 
lamp units. Also it Will be seen that with the provision of 
the present invention, there is a significant reduction in the 
processing required of the console, compared to conventional 
processor controlled light systems. The sharing of tasks 
between the console and lamp units also results in an increase 
in the speed to change a system parameter, in addition, in 
the disclosed embodiment, the console is no longer required to 
sequentially process a large amount of data for every lamp 
unit in the system, instead, each lamp unit processor 
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accomplishes Che action required t0 ^ , 
unit. Moreover w^k 

be cha „ Pre8Mt ^ 6nCi « •»*- can 

be chan 3 ed » the tiTO re ^ ired by a 8lngle ^ 

ecause of the simultaneous traMmisBion ^ ' 
lamp units, lam, mits ^ ^ ^ ^ ^ ^ ^ 
proportionate!, slower rate o£ transnissien ^ ^ 
wit, p rior systens . != accordance with the ex^ie for 
chan S in 9 the position of a sta 3 e las* under manual control it 
« assume that the console has perfon.ee the usual 
«itiali,ation routines, it is aXso aasumed ^ ^ cQnsoie 
Processor has established creations with the las* units 
and has provided each lamp unit Kith 

,,, _ aii the data required for 

e respective initialisations, and the system is operatin 9 in 
endless loop of the main sequencer. Xn this loop, the 

nam sequencer awaits in D ut fr™ 

m input from the operator by way of the 
console devices. nurin 3 it8 sequanciD9 ^ ^ 

fencer calls the switch input s.»sin g p r09r am 

-tch input hardware of the console to produce a map of 
Che sw^ches appeari„ 9 on the console front panel. Xn this 
-P. set bits repre9ent push being presMd _ Md 

ts represent push buttons which are not depressed. This map 
compared to a cop y of a similar map in the memory which 
"dude the status of the switches as read on the previous 
scan, m compare the present and previous maps, a third map 

produced which indicates switches which have chan 3 ed state 
^tween the 3 eneration of the first and second maps, xf no 
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changes are found, the program is returned to the main 
sequencer. Assuming that a change has occurred, the program 
scans the third map, bit by bit, to identify the changed 
switch and to activate the corresponding response routine. The 
identifier and new state of the newly activated switch is 
passed to the associated response routine. The newly operated 
switch is identified as a member of the "channel select" 
switch group, all of which are serviced by the same response 
routine. The switch identifier indicates the number of the 
switch within the "channel select" group which along with an 
additional group selector specifies the control channel to 
which the switch corresponds. All one thousand of the console 
control channels are each represented by a single bit in a 
console memory map, and indicates whether the channel is or is 
not selected for manual control. Because of the pressed 
switch, the value of the bit for its channel is inverted, 
thereby selecting the lamp for manual control. In the event 
the lamp is already under manual control, the depression of 
the switch would have the effect of removing the lamp of unit 
from manual control. Although only one bit in the noted map 
has been changed, the entire map is now broadcast to all lamps 
simultaneously. Each lamp examines the map and determines 
whether its control has been changed based upon the broadcast 
message. After transmission of this map throughout the 
network, no further processing is required of the console in 
response to the depression of the switch. 
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The response routine entered in response to the 
depression of the switch, calls the cc»«auni cations 
program with a com^nd to send a broadcast type message. The 
broadcast message includes a pointer to the block of memory 
that holds the message data. -The communications manager 
program either initiates the transmission of the data by 
programmable integrated circuits which implement the 
communications function, or in the alternative, if a 
communication is already in progress, the communications 
manager enqueues the command and memory pointer for subsequent 
transmission after the current message transmission is 
concluded. Any additional processing required by the 
communications process is performed as a response to console 
Processor interrupts from the various programmable integrated 
circuits. Ko further processing is required of the 
communications manager program in connection with the switch 
activation. 

When the communications manager program has accomplished 
the transmission of the „essa 3 e. or has enqueued the message 
for future transmission, it returns by way of the response 
routine prog™ and switch input sensing program to the ra in 
sequencer . As a result, the main sequencer is entered in the 
endless loop at the position previously exited when the newly 
pressed switch was sensed. The main sequencer continues until 
the lamp button pressed for manual control is released. The 
switch input sensing program is again entered, whereupon a 
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comparison of the scanning naps indicates a change in the 
switch state. The switch is again identified, as noted above, 
and the associated response routine is activated. 

The response routine takes no action on the release of 
the switch. This is in contrast to other types of switches 
which cause activation of the response routine upon being 
pressed or released. In any event, return is made from the 
response routine through the switch input sensing program to 
the main sequencer. Again, the main sequencer resumes 
scanning within its endless loop. Departure is taken from the 
loop to the optical encoder input scanning program. The 
rotation of the appropriate console device by the operator is 
effective to cause a corresponding rotation of the appropriate 
stage lamp. Encoder/counter circuitry, as described above, 
provides a numerical input to the optical encoder input 
scanning program. The value produced by each encoder/ counter 
circuit changes when the encoder shaft is turned by the 
operator. In a similar manner to the switch input sensing 
program, the optical encoder input scanning program compares 
the value read on each scan to the value stored in connection 
with the previous scan, in the event a difference is found 
during the comparison, an appropriate lamp command is 
generated. The message block includes the manual change lamp 
command, the amount of change, and the identifier for the 
particular encoder. The lamp command is then dispatched to 
the communications manager program as a broadcast message. 
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The response routine appropriate to the "store cue" 
switch checks for two necessary conditions; that "store 
enable" switch is also currently being pressed, and that a cue 
number appears in the display window above the "store cue" 
switch. If these two conditions are met, then the console 
sends a store cue command broadcast message through the 
network to the lamp units. In addition, the cue number 
appearing in the window above the "store cue" button is also 
broadcast in the same message. 

The communications manager program effects a data 
transmission through the network of the broadcast message, 
which message is received simultaneously by all lamp units. 
After the message is either transmitted, or enqueued for 
subsequent transmission, the communications manager program 
returns through the response routine and switch input sensing 
programs to the endless loop of the main sequencer. The main 
sequencer routinely services other operator commands as the 
need requires. However, in the services of this example, as 
well as many other that may be interspersed therebetween, the 
main sequencer is periodically preempted by regularly timed 
interrupts which require somewhat immediate attention. The 
regularly timed interrupts may be in the nature of the 
activation of the lamp status scanning program by the periodic 
interruption of the hardware timer integrated circuit which 
produces an interrupt to the console processor. On each 
interrupt generated by the hardware timer, the program 

55 



WO 96/41098 

PCT/US96/09850 
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occurred. Further processing in the lamp status program is 
held in abeyance until a reply is received from the lamp unit. 

Once the particular lamp unit has replied to the status 
read message, the communications manager returns to the lamp 
status scanning program with the message received, in this 
example, one of the bits in the receive message will indicate 
that the lamp has stored cue data in the lamp unit processor 
memory, which cue data has not yet been transferred to the 
console for disk storage. In a manner like many of the input 
scanning programs of the console, the lamp status program 
reacts only to changes in input values. The appearance of a 
set bit in the lamp status data causes the activation of the 
network state control program, a response to the change in 
the lamp status is thereby produced. The network state 
control program is provided with a group of response routines 
which handle the status bits received from the lamp unit. 
Some of these response routines provide to the console 
operator notice of lamp problems, such as bulb failures. 
Other response routines of the network state control program 
download program code to the lamp units, on request. The 
response routine associated with the data bit received in this 
example uploads cue data from the lamp unit, and stores the 
data in the proper file of the disk file system. The network 
state control program first checks a flag located in the 
console program disk state manager to insure that new cue data 
from the lamp unit can actually be stored. If indeed the disk 
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is available for cue stor^o *v 

storage, the response routine then call. 

the creations manager program with a cue hu«er upload 
-ssage. as well as a pointer to an unused section of memory 

in which the data is to be stored ■ i„ 

e stored, m the event, the disk is 

not available for etorage of cue data, the new data is not 
uploaded fro* the las* unit. Znstead. the front console panel 
indicator is illuminated, whereupon the operator is reminded 
that cue memory is required tc he uploaded free, the la^ unit 
to the console. This can he acceded later by an operator 
command . 

The cue upload command, much like the status read ' 

message described above is ... 

aoove. ls sent to the particular lamp unit. 

»» =ue upload co^nd also causes the conations ^ 
to wait for the las* unit reply. In one fore, of the 
mention, the programmable communications circuits are set up 
to store the las* unit reply in the ^ space 
the network state response routine. When the transfer of the 
oata fro. the lamp unit to the console is completed, the 
communications circuitry interrupts the console processor 
The communications manager program is reactivated. The 

communications manaqe- nmnr=m 

ge * P r °9 r am thus determines that the 

communication transmissions ie ™meo 

lons 18 complete, commences the 

transmission of another message, if such a message is pending, 
and returns to the network state contro! response routine 

By the involvement of the network state control response 
routine, the data received from the las* unit is subdivided 
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into me records. ^ same £otMt ^ ^ 

file xnto recces is used both in the lanp _ ^ ^ 

as » the .Us, fil . system. In cert ain 8iEuacions> ^ ^ 
received may be that of severe! cues, since the rate of 
scannin 3 the lamp status can he temporarily slower than the 
rate at which the operator is storing cues, in this example 
« is assumed that on ly the data from the cue store contend is 
the data being operated upon. Tbe disk file already contains 
the lamps cue data as it existed before the cue data to be 
stored. Therefore, all that is retired is to add or rewrite 
the appropriate record in the disk file. The response routine 
acconplisbes this by calling the file manager program to open 
the file with che ^ lamp cmtroi ehuMi ^ 

the cue data file directoIy . The ^ 
the response routine in calling the file manager program to 
open the file with the lamps control channel number in the cue 
^a file directory. The response routine then issues a write 
contend to the file monger program, using the record data 
received from the lamp unit. Once the writing of this data is 
accomplished, the response routine calls the file manager 
Program, and the file is thereby closed. 

The file manager program performs the three functions 
rcr the cue u pl oad response routine, as described above. The 
co^and to open the cue data file results in a search for the 
fUe descriptor in the directory of cue data file descriptors 
When found, the descriptor is used to find the first fragment 
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of the file and load it £r0 m the ,,3,. ^ ^ ^ ^ ^ 
-rxtten comprises two parte, the cue number, and the Ismp 
function data. The cue number i. utilised as a unique index 
to the record. When the co-and is isBued to ^ ^ ^ 
received record into the file, the file manager program 
searches the fragment already appearing in memory to find the 
xndex of the record being written, if the index is not toaDi 

the first fragment, the other fragments of the file are 
exunined in turn. If an existing record already contains the 
cue number of the record being written to the file, it is 
overwritten with the lamp function data of the new record If 
the index is not found in the file, the record is added to the 
hie. The co^and from the network state control response 
routine to close the file causes the file manager program to 
release the pointers to the data in memory relating to the 
file, in this manner, the network state control response 
routine can reuse those memory spaces whenever needed. No 
further access to the file can be made without issuing the 
file open command. 

Whenever it is necessary for the file manager program to 
access the data stored on the disk, as opposed to the copy in 
the console processor memory, the disk data sanager program is 
activated. This program provides control of the disk drive 
controller circuits which actually issue disk co^ands and 
reads the data from the disk. The disk data manger maintains 
en account of those parts of the disk currently being use d, 
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and determines the actions needed to access specific" file 
fragments requested by the file manager. Pinally , the 

response routine is terminated, and is returned through the 
network state control program to the lamp status scanning 
program, which is also terminated until the next timer 
interrupt. The foregoing describes the operation of the 
system, assuming the initialization of the lamp units has 
taken place. The detailed initialization of the lamp units 
are described in detail below. Each lamp unit is initialized 
during system power up and initialization, or when added to a 
functioning production light system. As described above in 
connection with the circuitry of each lamp unit, there is 
provided a processor and sufficient memory for storing various 
Programs, which, when carried out, allow any unit device to be 
moved, readjusted or changed in accordance with a cue or 
switch actuation originating at the console. 

Referring now to FIGURE i 2 (a-b). when power is applied 
to the system as a whole, or to a lamp unit, the lamp state 
initialization program is activated. This program may also be 
activated during normal lamp computer operation when certain 
interrupts occur indicating a major malfunction of the lamp 
system, m addition, part of the lamp state initialization 
program is re-entered if the communications address of the 
particular lamp unit is changed. 

Each lamp unit includes a ROM-based program which 
performs various functions. For example, the ROM-based 
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prog™ tests certain hardware necessary for the proper 

operation o £ the las* system, the program presets various 

progress circuits in the unit to predetermined known 

states xn addition, the program proceeds throu 9 h a script 
can** tor checks „ ^ ^ ^ ^ ^ ^ ^ 

and prescribing actions to be taken d-n.„„ • 

08 caKen depending upon the results 
of the tests. At the end of the scrint 

script, the lamp unit is in 

complete synchronization with the console, whereupon the 
Pressor enters an endless loop consisting of sel £ tests. 
P^sical state monitoring and response to console co.rn.nd 
transmissions. 

The first task performed by the initially 
is a rh 0 , t initialization program 

«1 CeSt " " V " idity " -e 

mem0tY - * ° f timers against pretimed 

software loops is also per £oiTOli . A loop ^ ^ . f 

rr iCatiM "" ^ " read/Wi " ^ - — of the . 

U alS ° «*!»««• « any o £ the las* units- 
-cuitry tested is £ ound to he faulty, execution is halted 
-ce the operation of the lamp unit hardware has been tested. 

rcrr sui,routines are ~- — — 

va.iables. and set up progra-rcabu circuits used £or 
communications. The ioenclty o£ eaeh ^ ^ ^ & 

co^unication address read £rom an appropriate input device 
* one £o » of the invention, the identity of each lan* unit 
" established by the setting of a three-digit thumb wheel 
switch. Thus, as many as one thousand lamp units can be 
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connected to the system, and retain an independent identity. 
An input to the lamp complex processor represents the 
configuration of servo and stepper motors associated with the 
lamp hardware. Since the same computer hardware and basic 
programs are utilized to control different combinations of 
actuators of the lamp complex, a portion of the lamp system 
programs will differ between the lamp complexes, if needed, 
the proper system programs for particular lamp complexes can 
be downloaded from the console. However, the downloading of 
these additional programs into the lamp units may not be 
necessary, as the programs are maintained in writable, 
nonvolatile memory in each lamp unit. As noted above, the 
nonvolatility of the memory is provided by battery RAM memory 
backup. A check is conducted next on the programs already 

present in the lamp unit RAM memory to determine the validity 
thereof, a checksum test is performed and identifiers in the 
programs are matched with the actuator configuration input 
noted above. If tne programs are found to be valid, an 
internal flag is cleared, thereby allowing the execution of 
the additional programs, if additional programs are found to 
be invalid, a flag is set in the memory status word and the 
console performs a download of the program for replacement of 
the lamp system program memory. The flag which disables the 
execution of these additional programs is also set. 

At this time, a communications manager program is 
activated to establish contact with the console processor 
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convex, hereafter, when the console ^ 
eo»unication address o£ the lanp ^ coTOmicition 
-am pro,™ „ 1U respond. The particular eon£i9uratioa Qf 
*e las* unit, and the results of the above-noted validity 
cnecfce are ported i n response t0 th8 console ^ 
constitutes one of the initial creations between the 
console processor complex and that of the las* unit 

in the event additional proves* in the la*p unit **, 
-«y are found invalid as a result of the above chechs. 
further execution of the initialisation is postponed until the 
pro 9 ra»s are downloaded fro. the console. The las* unit 
Processor enters an endless loop of self tests and console 
co-and responses. *t the end of the cos^d response routine 
pro 9ram associated with the proves, download, the fl. 9 wh ich 
was previously set to disable execution of the additional 
Program in ^ m ^ f . is cleared ^ ^ ^ 

initialisation script is then reentered. Mutually. . ^ 
- Of t ese additions! parens will exist in the ^ 
each las* unit. Subroutines associated with the additional 
prosra.3 are then run to initialise additional pro,™ 
variables and the program circuits used for control of 
Pbysica! actuators. A table of address which guide the la*p 
-t processor to interrupts is also edified to reflect the 
Presence of interrupt response routines in the additional 
program, ^e subroutines are then called to perfom, 
calibration and indexin 3 functions of the physics! actuators 
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and feedback sensors. The subroutines cause the various 
actuators to be moved through their full range of motion, 
noting the location of any sensors and checking for proper 
operation of the various actuators and feedback sensors. 

In the event the communications address for a lamp 
unit is changed during operation of the lamp, communications 
are reestablished with the console in accordance with the new 
address. The lamp state initialization script is reentered to 
allow ^synchronization of the lamp unit with the console for 
the new address. 

A flag in the lamp status word is set at this time to 
prompt the console processor complex to transmit a packet of 
data containing information concerning the state of the 
console. This packet of data is necessary to the lamp unit to 
allow it to respond properly to subsequent console commands. 
The nature of the data in the packet comprises information . 
relating to the position of controls in certain subsections of 
the console, and the console control channel number assigned 
to the particular lamp unit. A flag is set in the intensity 
logical controller to prevent the light of the particular lamp 
from being turned on. until adequate data has been received 
from the console. The initialization program then reenters 
the self tests/command response loop until the receipt of the 
console state packet. 

On completion of the console state packet, command 
response routine, the lamp state initialization script is 
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reactivated. The data associate, with the 6Cate ^ 
received «- the console is stored 

additional validity checks axe performed on the _ ^ 
—ory. A checksum test is conducted, Md . 

between i-*- „ ° r a "a* 0 * 

etween the co» Crol chanMl ^ ^ ^ 

the control channel identifier received from th. 

eivea £rom the console, if 

the cue data is found to be valid during the 

Z " UDiC ~ fla " iS that of the 

data stored on disk t-v,^ 

° nS ° le - """"^retimes 

Z T SSin9 COn " nUeS - ^ «- — — -cent 
* s found to he stored in the lemp nemory> ^ 

i r ation u ia — * to * e «— — • - — 

- data is found to be iavalia _ a u «- 

« sword, -is flag prOTpcs che consoi - 

rewind command is then sent to the cue da« 

erase the «*r • manager program to 

1 ^ ^ "* the ""-"/co^and-response 

loop is reentered. 

in the alternative. when valid cue ^ ^ ^ 
Present in Cne lanp unit ^ ^ ^ 

reentered, whereupon the cue data and , h 

are util • - COaSOle state P a <*et 

re ut i,red to set up an £unetion ^ 

respond to the next manual control or cue recall co»and from 
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the console. When the cue recall command is received, a flag 
in the intensity logical controller program is cleared.. As 
will be recalled, this flag suppresses the illumination of 
lights not fully synchronized. Normal operation of the lamp 
unit is then allowed to commence. After this final program 
setup, the initialization script is terminated, and processing 
continues within the main sequencer loop until the occurrence 
of one of the activation criteria, described above. 

The foregoing describes in general the console and lamp 
unit processor interchange for accomplishing the proper 
initialization of the lamp units. After initialization, the 
primary background activity performed by each lamp unit is 
through each respective main sequencer loop program. Refer 
now to FIGURE 13. Generally, the activities of the lamp unit 
processor in the main sequencer loop include scanning input 
buffers for communications received from the console 
processor, the performance of checksum integrity checks on 
both cue data and program code in the RAM memory. Also, the 
lamp unit processor scans changes in the communication address 
associated with the unit. The main sequencer loop is the 
program which is continuously executed in each unit, until a 
console command communication is received or checksum failure 
or address change in which event the main sequencer,' loop is 
temporarily exited, in addition, processing within the main 
sequencer loop is temporarily halted when interrupt -based 
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actuator control programs are activated „, ... 

. ,. . =«vatea, or on the occurrence 

of physical feedback interrupts 

The sain sequencer loop program itself is an endlessly 
repeating preset cycle for activation of a variety of 
subprograms. The subprograms are discussed in detail below 
and include the command interpreter, the memory checksum test 
and the communications address scanning subprogram m each 
case, when the main sequencer loop enters the subprogram, a 
test is conducted, in which event the main sequencer loop is 
re-entered, or a response is performed based upon the result 
of the test conducted. 

With regard to the corned interpreter subprogram, an 
andless loop type of program is activated, in which event a 
-quence of instructions are performed, rne first instruction 
or action performed in the con»and interpreter subprogram is 
the issuance of a read co^and to the creations 

management program K,. r ,>.. 

P gram. After the read command, a return to the 

-in sequencer loop is executed, on subsequent activations of 
the command interpreter subprogram, checks are conducted with 
the copulations manager program on the status of the 
previously issued read con^nd. Re turn is made to the main 
sequencer loop on an indication of the uncompleted processing 
of the read co^and. 0n an lnaicatiQn Qf ^ 

Processing of the read co^and. i.e.. when the check status 
reveals a completed congestion from the console processor 
the command interpreter subprogram examines the first word of 
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the newly received data issued by the console command message 
and to be executed by the lamp unit processor, if the console 
command is of the type which requires no further data 
transmission from the console, the received data is 
temporarily stored, and another read command is issued to 
retrieve the next command sent by the console. Those 
console commands which are received and which have associated 
response routines stored in the lamp unit ROM memory are 
performed immediately. The validity of additional programs 
located in ram memory is verified before performance of other 
console commands. i„ any event, processing continues in the 
command response routine until the command is complete, or 
until all further processing of the command is 
interrupt-based. I„ this event , control ±s ^ ^ 

-in sequencer loop. Particular types of console commands, 
and their associated response routines will be described 
below. when activated, the memory checksum subprogram 

verifies the integrity of memory sections having stored 
therein program code and cue data. Tests are performed only 
on those sections of memory believed to be valid, if a 
checksum test of the program code fails, an appropriate flag 
is set in the lamp status word to prompt the console to 
download the program code. Furthermore, operation of the 
command interpreter program is limited until the program code 
is replaced, and thus again validated, when the console 
responds with the necessary download of the program code, the 
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lan-p state initialization script is reentered „ 
above m th. "entered, as described 

ove. m the event that the cue data is foun H - w 

tound to be invalid 

* appropriate fiag is 8et ta 

U ". fl ~ pro — is — - ^ _ ^ ta whe 7 

^ a *- ^patched to the cue data ^ 

to clear the im™, •„ ""anager program 

reou' ^ ^ lDValld ^ * further processing i. 

: ;i after the ° f — - - l 

""nations, once the appropriate actions have heen 

unit L ^ =od. o f the lanp 

r 'Ct notea r e ' the identi£icati ° n - *■ — 

«e lamp un lt within the congestion networ* This 
subprogram centres the vaiue read from «, ' 
in theory „ th . frOT1 the ~itch with a copy 

" the =««P«ison shows that the 

^dentiJication address has changed a t w 

a ' a tajn er is started 
timer win **** aitea * This 

«ter c L " interiUPt °' ^ ^ U - « 

-Paring with surest identiUcation changes. JlL 
-~ - which a new i den ti f ication address has en 

" ^ *" — • - other response is 

ssary when the conation address is aitered. untii the 

Z, mpt occurs - A — - «- ■«-. - 

«-*.. - Pre.erahie to assure that an address change has 
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* en co,npleted on the » — the timer interrupt 

occurs, the staC6 initialiiation scrlpt u 

Processing o t the address change occurs in accordance with the 

noted script, and as described above. 

As noted above, the conoand interpreter is activated in 
connection with co»unications between the console processor 
and the iaap unit processor, cc^and response routines My 
actuate one or more other program associated with this level 
of lamp unit processing. These other associated programs 
include the state data manager, the cue data manager, the 
communications manager, the function logical controllers and 
the physical control manager. Many of these programs report 
data directly to the state data manager program. The physical 
control manager oversees the activation of additional programs 
which control the physical actuators of the lamp unit, such as 

-tors. di,merS - »- co»and response routines are 

-dividual scripts of the actions required to carry out a 
command issued from the console processor. This program flow 
xs illustrated in FIGUSE 14 . Some 

eternal data, while others transmit specified data to the 
console, and yet other programs perfoxm a speclfic action 
needed to move or otherwise control the physical actuators of 
the lamp unit, some of the noted routines call for a 

combination of the above - sner-i f 

ove specified actions, m describing the 

Allowing command response routines, it is important to note 
that a response routine is selected based on value found in 
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Pressor to che lanp ^ » ^ — 

"usages includes a u» 4 « " ° f the COInna ^ 

C5 a unique value 

identifier. as a con <*and 

f irst associated program 
routine, provides a graW ' the "«e data 

° a common source _ 
data from both the con, , of status 

the console processor and the 
Data which is receive * ^ P roc essor. 

- - ~ t. the — - 

-P-e routine ^ 18 t0 the comana 

JTl retrieved upon d ~ *~ 

— s« e ^ — • Certain 

aca ' 18 transmitted *u 
Processor in a for™ ^ • , the co *sole 

— -p z:z::z ^ — — ~ 

da " —Wr extracts ttom ch 811 lMP ». 

aPPHcable co che "~-i<«. state data 

particular lanm un*. 
ass lsnmenc v «• The control channel 

identic chTd. ^ ^""^ation 

^ a M P „ ysical con ;; ol t;; c r ^ e to — ^ 

«- — Status directl, o er ; reP ° rt "» «. t „ OI 

"ate data „an a9er " —gar. The 

ger combines this data f,~ 
"ithin the unit into . • «*ltipl e sources 

-Ponse to peri l S1D9le bl ° Ck " — — • *> 

— i« J . °; nSOle — — • — ^ unit 
tnis status block t-o «-k 

CK to the console. 
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The communications manager is an associated program 
which has been described previously in connection with the 
operation of the command interpreter program. Command 
response routines performing the download of bulk data from 
the console, (RAM-based programs or cue data) issue read 
commands to the communications manager routine. These read 
commands are effective to store data sent from the console 
into the proper memory of the lamp unit memory. The command 
response routines issue write commands to the communication 
manager when the lamp command requires a lamp unit 
transmission of data back to the console. The write commands 
provide the proper location for access of the data within the 
lamp unit memory. 

The communications manager routine also is responsible 
for the retransmission of data in the event in itial 
transmissions were not received by the console processor. In 
doing so, the communications manager routine handles the 
fragmentation of large blocks of data, to overcome the affects 
of noise in communications network channels. 

The cue data manager associated program comprises a 
conventional key- indexed file system in RAM memory, a unique, 
operator-assigned cue number is kept in the first four bytes 
of each record of the cue data file, and is used as an indexer 
for identifying that record. On cue recall, various indices 
are searched for a cue number matching that of the cue being 
recalled. If a match is found between the cue number 
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SearChed ' - «— "ored, the cue data recoM ± 

- "turned to the ctm and resp0Me I J ° " tetrieV6d 

c^and response routine. eP ° rCed " "» 

Because of the aany operational feature „, . 
-^s. there is provided . * "* 1*°P 

* P*vsical .unctions of the Z ~ 

P £un «xons „a y inelude inc 

Potion, color ana oea* i osical eontrollers * 
the manner in which . toilers. Depending upon 

which the physical hardware of each w, • 
provided with these functions - B ^ ^ * 

logical control corresponding variety of 

control program will be i^ leBeated _ e , . 
oontrol program each eDted - ^loorcal 

-*«. * Providing lie " £UnCti ° n « ^ — 

«- P^ical appaL j " "~ ^ " "* £UnCU ° n « 

logical control ""^ " 311 «- 

9 cai oontrol program inc i ulIe receivi™ 

« various front MM , ^ Cue tata "called 

"one panel sources, herein referred to .. 
subinasters Th. . "erred to as 

•-■rs. The services also indu*. .v. . 
oue data with or. • integration of new 

with previously recalled data from „->. 
ohanging of the curren- fun„ • Asters, 
control co^and race Z ^ " ™ 

— -o store curlTfun ^ ^ ~ 
values, and also operate in r. ""^ 

P«set values on c ' " these 

values on command of the console so™. , ■ 

programs also use fader val So »o logical control 

' S6Dt £r «" the console processor 
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for proportional sealing of recalled cue data. The physical 
control manager associated program oversees activation of the 
subprograms which effect the changes in current function data, 
as computed by the logical controllers. The noted subprograms 
fall into two main categories. The subprograms controlling, 
for example, stepper motors, implement ' conventional algorithms 
which output a timed sequence of step commands to the motors. 
Some of the stepper motor subsystems will include switch 
closure indexing feedback for use in assuring that the stepper 
motors are following the stepping commands transmitted by the 
lamp unit processor, other functions of the las,, unit involve 
the driving of dc servomotors to provide pan and tilt lamp 
movement. Lamp velocity information output by a dc servomotor 
tachometer, and position feedback information from an optical 
encoder/counter circuit are transmitted on the system data bus 
as feedback information to the lamp unit processor. The 
subprogram controlling these components utilises a 
conventions! velocity- feedback servo control algorithm. This 
subprogram is also activated upon an unexpected motion of the 
servo- controlled lamp function by way of hardware interrupts 
generated by changes in the position feedback signal. The 
unexpected motion of the servo- controlled lamp function 
notifies the lamp unit processor of movement occurring in the 
lamp, which movements were not commanded by the lamp unit 
processor. It is understood that these subprograms could be 
replaced by analog or digital circuitry. 
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Certain status data concerning the lamp unit win 
ordinate in the physical controllers. Por the 
^ity o£ the bulb in the ^ ^ U9ht ^ aerived 
from the behavior of the power supply which supplies power to 
.U**. The impeded motion of a leap unit within its ran 3 e 
of movement will he deduced vhen ehe ^ ^ ^ ^ 

produce a corresponding movant of the laa*. Mso the 
failure of a stepper motor subsystem can he deduced fro, the 
-lure of a search for an expected index input. This status 
-formation is reported directly to the state data manager 
in accordance with the two examples set forth above 

showing the console processor operations in response to the 

"lection of the lamp for manual control, and for storing cue 
' CW ° ™ es a re "^ced below for showing the 

ections taken by the lamp unit processors. The two exeats 

exe^fy the processing Bhich ^ 

include the activation and interacts™, ... 

. „. interaction of the various programs 

within each lamp unit • ,->.-,, 

P unit, and the d^tribution of tasks between 

the console and lamp units according to the invention 

The first lamp unit exaaple concerns the sequence of 
actions occurring when the console operator selects a single 
lamp in the system for manual control, and the manipulation of 
a console device for changing the spatial orientation of the 
^ unit. Both exanples assume that all necessary ^. Bd 
Programs, together with the cue data, are in full 
synchronisation with the console. 
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*s part of the Mia seqaeacer ^ ^ ^ 

processor jumps to the command interr,™,-. 

interpreter program to check 
the status of the outstanding read command in the 
communications manager program. ^ egmmi lnterpreter 
program employs a block of memory space to service the 
communications manager program. This block of memory contains 
a byte o, data which is used to signal the status of the 
execution of the read command. In servicing the read co»and 
the co-^d interpreter program checks the status byte of data 
« the co^d block being executed by the communications 

manager program, when a flag shows thai- t-n- 

9 snows that th ® outstanding read 
command has been completed, i.e.. that a block of data has 
baen received from the console processor, the command 
mterpreter program examines the first byte of this data The 
-lue of the first byte of data represents the specific 
command to be performed by the lamp unit. 

According to the example, the co»and received from the 
console is found to be a manual - controlled 
cbannel-selector.map command, since this command does not 
retire additional data from the console, the cos^nd 
interpreter program establishes another read command block 

and reactivates the communication manager program. The 
communication manager program then prepares the lamp unit to 
receive another console co^nd transmission and returns to 
the command interpreter. The co^d interpreter program then 
3 umps to the associated corned response routine. The noted 
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to extract the value to be assigned to the boolean flag 
concerning the lamp unit selection/deselection for manual 
control. This boolean flag is referenced when manual - control 
commands are received, and either allows or disallows a 
reaction by the lamp unit. Control from the state data 
manager program is then returned to the endless loop of the 
main sequencer. 

The lamp unit processor executing the instructions of 
the main sequencer program periodically enters the command 
interpreter program to ascertain whether a new transmission 
has been received from the console. It is assumed here that 
commands are received from the console indicating that the 
console operator is manipulating the lamp position controls. 
As a result, the next lamp unit commands received by the 
command interpreter are encoder- change commands. This 
information is determined from a first byte of the 
encoder- change command, whereupon a jump is made to the 
appropriate command response routine. Again, this command is 
received simultaneously by all lamp units in the network, and 
all such lamps will be executing the appropriate actions 
concurrently . 

The command response routine concerning the foregoing 
command, first checks with the state data manager whether the 
boolean flag currently indicates the selection or deselection 
of the particular lamp unit for manual control. If the flag 
is not set. the command response routine terminates, and thus 
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the encoder-chaboe co^and'ia ignerea as ^ ^ 
selected for manual control. However , in the 

processing continues as the «»» <• =~™Pie, 
• , t . the fla * 18 to be set as part 

of the preceding manual -control channel -selector „ 

"«nnei selector-map command. 

The encoder-change command byte transmitted by the 
-sole in response to the change of position of a console 
control, is accompanied by a byte of data identifying the 
Particular console encoder. This ie essential „ ^ 
several encoders on the console panel. Each encoder pravi ^ 
-trol of a di«erent lamp f unction . In addition , ^ 
-coder- change co^„a byte contains data representative of 
the amount of change in the encoder input value. Because each 
encoder is associated with - die 

u „ ir u * dl "««>t function of the lamp 

" COmMna " SPOnSe ""^ — «- - J- to the 

unct, 9iM1 controiier Msociatefl ^ 

h« changed input value. Ihe command response routine also 
P«ses along the data corresponding to the amount by which the 
PO-tion of the lamp unit is to be changed. 

With regard to the present example, the position . 
91Cal CO ™" ^ activated. The 
controller reads the data representing the current co^nand 
os.t.on of the lamp unit, and modifies this data by an amount 

I • ~ Val - * - "'red as the new position of 

la»P unit, whereupon the position logical controller 
returns to the command interpreter. 
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Next, the command interpreter program activates the 
physical control manager which compares the command data 
presently stored in memory with. all the logical controllers 
with the actual positional states of the lamp unit physical 
devices. The actual states of the physical devices are 
brought into conformance with the commanded states, in those 
situations where more than one function data has changed, the 
physical control manager will activate the physical actuator 
programs in preprogrammed combinations in order to ensure that 
all such actuators perform properly. 

In the present example, only the servomotor control 
program is activated. This program calculates the direction 
of change called for by the new command data, as well as the 
appropriate magnitude of the voltage to be applied to the 
servomotor. An associated timer is also triggered to provide 
periodic hardware interrupts. At each interrupt, the 
servomotor control program will recalculate the appropriate 
voltage to be applied to the motor, until the actual state of 
the servomotor subsystem matches the command data established 
by the position logical controller. 

The foregoing institute the motion of the desired 
servomotor to effect a corresponding change, for example, in 
the pan or tilt position of the lamp unit. Once servomotor 
motion is initiated, the lamp unit returns from the servomotor 
control program and the physical control manager program to 
the command response routine and the command interpreter. 
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Control is returned £rom ^ 

sequencer where the scannina f * ,ra " S t0 ^ 

checksum failures L ""^ — *' — * 

failures and communications a(Wress 

processing resumes, until mrt 

no.!-- "* as ^ ne » lanp unit 

Pos ltl on is reached, the hardware int., 
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the main "* ^ the actions o £ 
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transmitted bv W1 """aod* 
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"it to determi* k add "ional processing in each 

Oetermxne the effect of the co»and on the unit and 
- accomplish the desired result, if applicaWe ^ 

-t z^ 1 : - — - - ^ 

—e cue- ZLl \ *~ ~- * 
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in the command response routine, each logical controller 
- queried concerning the current contended function data 
This data is packed into ten bytes of memory storage area 
Moreover, this block of data is coined with four bytes of 
data representing the operator assigned number for the cue. 
It should be understood that the cue number was received as 
part of the cue-store command transmission from the console. 
The command response routine then calls the cue data manager 
program, bringing with it the f ourteen-byte block of data 
resulting from the above-noted processing. The cue data 

manager scans its list of record indices, i.e.. cue numbers, 
for an index matching that of the record cue number passed by 
the command response routine, if a match is found, the 
accompanying data record is overwritten with the data record 
received from the command response routine. If no match in the 
index is found during the search, a new record is written into 
a blank record area in the index and data file. This data 
memory of the lamp unit is of the type which has not yet been 
transmitted to the console disk copy to update the present 
la^p units cue data. Sufficient room should provided for 
several cue records should there exist a delay in transmitting 
the data records to the console disk storage. The cue data 
nanager then returns to the command response routine. 

The command response routine immediately calls the 
state data manager to set a flag in the lamp status word 
indicating that the lamp unit has cue data ready for 
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transmission to the CODSOle diek 

then r ««»^ ^ serial throuoh ^ '„ *" ™- " e 

-« - threaaea its way back "* «- ^ 

y acic to the main sequence,- 
Messing w ithia the eaaie8g 

resumes. ^ e ™ ain "fencer then 

At some point, in tne proe 
C °™ «- co^ana interpreter sense, , h 

~ — • ■ — ~rjT7 - 

P""™". «a the lamp, status-report c™, - 
""tine is oauea. These lamp-status 

aisoatch=H • . s«tus.report connan as are 

a«patchea manually to each lamp uni t in the 
"herein only one unit win res„ / neC "° rk - 

The P " the COnsole « ^ time 
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the lamp unit, and is sensed by the command interpreter 
program. In addition, this command is addressed to a 
particular lamp, and only that lamp will transmit a response. 
A read-cue-data-change-buffer command response routine is 
provided for retrieving the list of new cue data from the cue 
data manager program. In addition, the noted command response 
routine sends the list as message data in a write command to 
the communications manager program, and calls the state data 
manager to clear the flag indicating data is present in the 
cue data change buffer. As a result, the lamp unit processor 
returns to the endless loop of the main sequencer, and waits 
further console commands. 

The foregoing illustrates the lamp unit processor 
actions required to carry out a change in the position of a 
stage light, as well as the storing of cue data within the 
lamp unit memory. The flexibility of the system, however, is 
not limited to the foregoing. While an exhaustive description 
of each command is not necessary, and would only encumber the 
description of the invention, the other lamp commands used in 
connection with the lamp units of the invention are listed 



below. 



The overall function of the programs to carry out the 
operation of the present invention have been described in 
detail in reference to FIGURES 10-14. a detailed code listing 
for a representative portion of the overall program is 
presented below. This is the code required for implementing 



85 



WO 96/41098 

PCTAJS96/098S0 

the color logic control „hich ras aeea ^ 

FIGURE 14. This code is write, f 

written for execution on a Motorola 

^processor Model 6S0O0. The color logic control pro,™ 
xb ,uite similar to the logic control progr«s for intensity 
position and beam diameter. 

It can be seen from the foregoing that the lighting 
system disclosed provides accurate, efficient, and flexible 
control of several hundreds of automated las* units 
Provisions are i»=i uded for che ^ ^ ^ ^ 

the lamp units to the control console. This status data may 
mclude reaLtime display of parameter data including the 
Present intensity, color, beam shape, and bea» direction of 
the lamp units as well as any timing parameters associated 
wxth the present cue which tes been ^ 
also included for the renewal of operating system program in 
any lamp units which experience serious logical errors in . 
their associated memory. VmMm „. ^ ^ ^ 

storage of parameter data associated with the various cues, 
which enables an onpraf^r -~ 

an operator to save the data used to execute a 

show and to load the data into a lighting system similarly 
configured but composed of discrete^ different lamp units 
which may be disposed in a different physical location from 
that at which the show was previously petfood, for example 
on a different continent. 

Referring now to FIGURE 15 a Qiim1a „ 

a simple data repeater 

circuit .shown in greater detail i n FIGURE 9 ) , includes an 
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activity sensor 392 coupled to the broadcast network 38 and an 
activity sensor 394 coupled to the reply network 40. Each 
activity sensor drives a red LED 396 (via pulse stretcher 
circuits which make the flickering of the LED visible to the 
human eye), which LED' s are mounted on the exterior of a 
repeater box and flash whenever there is any electrical 
activity on the branch of the corresponding network to which 
the repeater is connected. 

The simple data repeater also includes a Manchester 
decoder/encoder 352 coupled to the broadcast network 38 and a 
Manchester decoder/encoder 374 coupled to the reply network 
40. As described earlier, the Manchester encoder/decoder 
integrated circuit can be connected in a -repeater- mode in 
which messages received at its input are decoded and then re- 
encoded for further transmission. Each decoder/encoder drives 
a green LED 398 (via pulse stretchers), which LED's are also 
mounted on. the exterior of a repeater box and flash whenever 
there is valid Manchester -encoded data passing through the 
repeater, m normal operation, red and green LED's will flash 
simultaneously. Any other condition, for example red LED 
flashing with no green LED flashing, indicates an error in 
data transmission. However, this arrangement can not detect 
subtle errors in the messages transmitted through the network. 

As shown in FIGURE 16 and FIGURE 17, the data 
communications network 26 implemented in this automated stage 
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lighting system includes a control console 24 

=, «i console 24 communicating 

with a pluralxty of automated lamp units <JfcM1 
, . v (ALU) through several 

intervenes repeater circuits. A "console 

• console repeater" 54 
located in a power and signal distriw< 

Qlstrib ution ra ck 400 receives 

^ ^ - ~ . - -peats th ese 

ZT™™ " ° r "~ — - - one sue, 
400 with the console repeater 54. 

The trunk repeater supports data PfflBm , • 

wujtcs oata communication links 26C 
to seven trunk cable connectors 402 which „ h 

which, when connected to 

L P 7 la " I"""-— «-* ca.xes. previa power « 
* « to repeater ooxes nor^au, nun 3 in . lightlag tru8s ^ 
ro Xlmlty « th tne lMp mics . ae COMole 
s pports liok s 26B t0 ei9ht ^ J- 

: 1: r;r are usea co com,ect - aa — - 

IV — — actors «o 6 . ^ 

rr therSby Pr0Vided " «— — — - locate, in 
*e ao.rt.onai aistrioution raCcs. adaitional 

d.strioution races then previa power ^ ^ 

«peater box es mly hung in che ^ 

Pr ° XimiCy " iCh " her Bacn repeater no* tnen 

proves power ano oaca fo r up to nine lanp units. 

In one embodiment of the n B h,j 

or the lighting control system, one 
control console 24 connects to m6 

400 and toi, 6 " aSter " di "ribution rack 

<00, and thereafter to eight "slave- distribution racks 40S 
-a the auxiliary data output connectors 404. Bach 
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distribution rack connects to seven repeater boxes via the 
trunk cables. Each distribution rack can then provide power 
and data for up to 63 lamp units. One .aster rack and eight 
slave racks can then provide power and data for up to 567 Xmf 
units. To expand the system capacity to the 1.000 lamp unit 
configuration supported by the system software, each slave 
rack 408 can connect to an additional slave rack via a data 
output connector 410 driven by. a spare output of its trunk 
repeater. Ei ght additional slave racks so connected via link 
26E provide power and data for up to 504 additional lamp 
units, well in excess of the i.000 lamp units supported by the 
system software. 

As shown in FIGURE 18. the broadcast network provides the 
sa*,e data signal to all lamp units practically simultaneously. 
Through the broadcast network 38 the console 24 sends each 
message to each receiver (RX , ln eacb lamp ^ 
simultaneously. 

FIGURE 19 shows the interconnections of the reply network 
40. The console 24 acquires status data from the lamp units 
by sending a message to the first lamp unit over the broadcast 

network 38 and then awairinn «-*»4- i 

a tnen awaiting that lamp unit's response over 

the reply network 40. After the status report message has 
been received by the console from that lamp unit, the sequence 
can be continued for the other lamp units in the system. The 
reply network is connected in a fashion similar to the 
broadcast network, except that the lamp units include 
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transfers «TX, £or sending ^ ^ ^ ^ 
Eludes a receiver (RX) for receiving Peaces 

^i» 9 each reply transmission, only one o£ ^ 
40D hetween las, ^ ^ repeater ^ ^ 

ShOWn ta P1GTOB " ' * transmission reaches the 

console through only one link 40c betw « n , repeater ^ 

7 rlbUti ° n raCk - «• "* - ^tween a trunk repeater 

and the console repeater, ana the one link 40A oetween the 
console repeater S4 and the controi console 2 4. To.,, if one 
— o £ time is reguirea „ acguire stacus 

-t. it win take 1>QOO ^ o£ tine ^ stacug 
Iron all 1,000 lamp unics . 

It can he readUy appreciated that if two or more la, 

transmissions would appear simultaneously on the link 40A 
between the console repeater and the control console 
Similarly., any noise injected into the reply network would he 
superimposed over leg itiMte signals on ^ ^ ^ 

e console repeater and the control console, resulting in a 
oarhied reception by the console, proved repeaters 
«==rdi„g to one or more aspects of the present invention 
provide the ahilicy to idenci£y ^ ^ 

unit transmissions and noisy links i* , h . 

isy unics in the reply network. 

An improved repeater shown in FIGURE 20 includes a 
Processor 450 and its associated read-only memory, random, 
access memory, and control circuit for receiving inputs from 
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the activity sensors and Manchester decoder/encoders. The 
processor interprets these inputs and turns on the LED' s 396 
and 398 by its associated control circuit to indicate the 
condition of the data link networks. For example, a green LED 
is lit to indicate a properly working data link network while 
a red LED is lit to indicate a malfunctioning data link 
network. In the absence of any activity, both LED's can be 
turned off. Separate pairs of. red and green LED's are 
provided for the broadcast and for the reply data link 
networks. Alternatively, an alpha-numeric display device 452 
may be incorporated into the repeater circuit to display 
simple codes or messages. 

Another improved repeater shown in FIGURE 21 incorporates 
a multi-protocol communications controller chip 454 such as 
used in the console and lamp unit communications circuits. 
Using the communications controller chip coupled to the 
Manchester, decoder/encoders, the processor can now detect line 
activity not resulting in a valid communications controller 
interrupt. The additional gates 456 and multiplexer 458 shown 
enable the processor to sample individual reply line inputs 
and to disable certain reply line inputs to stop noise or 
unauthorized transmissions from spreading into other parts of 
the system. 

In one mode of operation, signals appearing at gates 456 
are applied to a nine -input logical OR gate 460 and combined 
into one signal on line 462. Since only one of the nine 
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inputs to gates 456 wixi be active at any one tine in a 
properly wording system. only one ^ ^ ^ _ ^ 
46 2 at one tine. The signal on line 462 is connected via 
logic gate 466 to Manchester decoder 468 and thereafter 
applied to congestions controller 4S4 where it can be 
e»»ined for errors by processor 450. If no errors are 
detected, the processor and communications controller transmit 

the message via Manchester encoder 470 ™ t „ „>, 

■k-uueir tia onto the next branch of 

reply network 40. 

« errors are detected in the signal received over reply 
network 40. a diagnostic mode is entered by the repeater 
Processor 450. Using . plurality of logic 
shown as control bus 476, the processor 4S0 operates 
multiplexer 458 co sample the various discrete signals at the 
-put to OR gate 4*0. The output of the multiplexer 456 on 
4 " 1S 1PPlUd " «« *i* is operated via control 

,76 to connect the muitipiexer 458 to Manchester decoder 

By coordinating the operation of the multiplexer 458 with 
the co^unications controller 454 in error detection mode, the 
processor 450 may determine that one of the lamp units 
connected thereto is transmitting unintelligible signals or 
no.se or is transmitting at inappropriate times, thereby 
garbling other legitime signals. The processor then 
utilises control bus 4,6 to disable the offending input at 
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gates 456, thereby restoring communication integrity for the 
properly functioning lamp units. 

Broadcast messages are handled in a similar fashion. 
Signals appearing on broadcast network 38 are applied to 
Manchester decoder 472 and thereafter to communications 
controller 454 where they can be examined for error's by 
processor 450. 

According to another feature of the present invention, a 
"smart repeater" shown in FIGURE 22 further includes a direct 
memory access (DMA) controller 480 connected between the 
communications controller 454 and random access memory (RAM) 
482. This configuration is functionally equivalent to the 
processor/modem complex used in the control console and in the 
lamp units . One of the advantages derivable from this circuit 
arrangement is that each smart repeater can now communicate 
with the console just as any lamp unit can. 

The console can send network control messages which are 
received by all repeater units practically simultaneously. A 
network control message may be addressed to a specific 
repeater unit or the message may be addressed to all repeater 
units using a common repeater address. Each repeater unit 
individually responds to the message depending on the address 
or the content of the message. For example, a message 
instructing the repeaters to begin status polling of the lamp 
units would be sent to a common repeater address. A message 
instructing a specific repeater to transmit a block of lamp 
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unit status data to the console (or to the „ , 

a i™,„ ... , 'or to the next repeater unit 

along the reply network) would be sent to ■ 

address Th. „ specific repeater 

re J 71 ' Pea " r alS ° 86048 DetBOrk ««• — 9 es as 
reared. which messages include for example: data 

-presenting the kinds of errors detected, which branches of 

~ exhibit errors. M d which branches ha ve ~ baen 

-Chester ~ *— * 

bvt«c 9,1418 ^ then route ° through 

^ass gates 48< to communications coatroUer ^ A 

COntr ° Uer 480 ~ conquer 454 receive the 
"gnals into ram 482 where th* „ . 

or in, ° ded mSSSa9e caa b * examined 

or interpreted by processor 450 r f ™ ««mined 

~~ . „ ...... „ ,..z^TS 

original message to the lamp units 

enmn . ^ 111111:8 ' DMA controller 480 and 

communications controller 454 thM 

6n co °P er ate to transmit the 
message through bypass gates • 

whirh • 84 Vla "^Chester encoder 474 

which is coupled to broadcast network 38 bv a , 
control bus 476 now * 478 ' US±n9 

-a Droc to operate the gates 45* and 

' PrOCGSSOr 450 C - «~ —cast signals to all nine 
~s coupled through gates 478. or to any one or more 

operates input gates 45* «,« 

gates 456 so that selected individual inputs 
can be disabled or enabled +*. 

enabled m the manner described above 
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in the reply mode, if errors are detected in the signal 
received from the reply network 40, the repeater unit may 
request the lamp unit to transmit the message again, if after 
several tries, the repeater cannot get an error-free message 
from a particular lamp unit, or if the repeater processor 
detects errors on two or more channels connected thereto, a 
diagnostic mode is entered by the repeater processor, if no 
errors are detected, the processor and communications 
controller transmit the message via Manchester encoder 474 
onto the next , branch of the reply network 40. 

Other improvements derivable from a smart repeater 
include: detecting line activity not resulting in a valid 
communications controller interrupt; reception of framing 
errors, cyclical redundancy check (CRC) errors, or overrun 
errors detected by the communications controller; detecting 
errors in the header data added to each message by 
communications software; detecting logical errors in some of 
the data messages; receiving not -acknowledge (NACK) or 
detecting lack of an acknowledge (ACK) signal in response to 
transmitted messages; disabling reply line inputs to stop 
noise or unauthorized transmissions from spreading into other 
parts of the system; collecting status data from a plurality 
of lamp units or status data from other repeaters; and 
downloading operating system programs to lamp units or 
repeaters. 
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stages derived from the ^ ^ roveMnta 
. improved feedback te che system ^ ^ ^ 

"* lndiCat ° rS eaSi " to ~* - understand; 2) re 
the location of sense, errors back- to the console for display 
at a centra! location; 3, improved ability of the system to 
operate in a degraded .ode (cessations errora present) . 
and 4, i^oved through-put of the conations subsystem in 
the normal mode, especially as relates to status polling 

A smart repeater according to the present invention, as 
shown in r Ig0RE 22 . eMbles draratie isvrmmemB ^ both ^ 

utilisation of conation links and the tin* required to 
collect data fro* all the lamp units. Once the console sends 
a message initiating the process, for a 
o-dcast to a co™o n repeater address, all of the truss 
^eaters SS simultaneously collect data from the nine las* 
units connected to each truss repeater. Ml of the tmnk • 
^eaters 55 then simultaneously collect blocks of data from 
he seven truss repeaters s 6 connected to each trunk repeater 
=5. The console re peater 54 in TOSter distrlbution ^ 

then collects blocks of data f,-™, *>. 

°- data from the nine trunk repeaters S5 

connected to the console repeater 54. and sends the entire 
"ock of all data collected to the console 2 4 in one message. 

According to one embodiment, the utilisation of 
cogitation links is increased because « cruss repsacers S£ 
are using „ links 26D „ My ^ ^ ^ ^ ^ ^ 

time are retired to collect status data from 56 7 lamp units 
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into the truss repeaters, hereafter, nine trunk repeaters 55 
are using nine links 26C at once. Seven units of time are 
required to collect status data from 63 truss repeaters into 
the trunk repeaters. The one console repeater. 54 still uses 
only one link 26B at a time, and requires nine units of time 
to collect status data from the nine trunk repeaters. 

More significantly, the console receives status data from 
567 lamp units in one transmission from console repeater 54 
over reply i iak 40A , thus saving thfi ^ ^ 

566 message headers. The same volume of data is transmitted 
with much less overhead. Thus, the improved lamp- to- console 
reply process results in drastic reductions in both the time 
required to collect status reports and in the probability of 
error. Moreover, while the lamp units are transmitting data 
to the truss repeaters, trunk repeaters are transmitting data 
to the console repeater; and while the truss repeaters are 
transmitting data to the trunk repeaters, the console repeater 
is transmitting data to the console; thereby further 
increasing utilization of the data links. In this way the 
smart repeaters interleave their own status information into 
the collection of lamp unit status data. 

A smart repeater according to the present invention 
maintains operating system programs for all lamp units 
connected thereto and performs any necessary down- loads 
without tying-up the whole system. The storage and download 
of the operating system programs may be made depending upon 
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t e0O "^« i » « «- respective u, units, m the oase 

a truss repeater perforin, such a down-load. only che 
other eight i«, units connected thereto are prevented fr™, 
recervmg any system cue co-ands during the down-load the ■ 
rest * the system heln g f ree to operate Mnall , 

lamp units require operating system down-ioad, severe! 
-rt repeaters hanging in the lighting truss can perform the 
operation in much less time thaa _ ^ 

A s»art repeater as shown in P 1GURE 22 laetaa- , ^ 
3 «es 47. for the various broadcast lin* outputs and a 
separate set of gates «« tor the various reply l ink inputE . 
Th« arrangement enables the smart repeater to co»un ie ate 

with selected lamp units individually if *„ r 

■ liy - for example, two 

amp unrts are accidentally set to the sea* address, both will 
— « status reports upon receipt of a request for status. 
Thrs results in garbled reception at the repeater. ^ smart 
repeater then transmits to each output individually 
requesting from the lamp unit connected thereto the identity 
or address assigned to that lamp unit, and receives the 
response over the corresponding input. „ two lamp units are 
set to the same address, the smart repeater determines this to 
* 'he case and reports the information to the console for 
'"Play to an operator. The S m*rt repeaters themselves can be 
identified by the sett-i™ ~* * 

setting of form and function switches (to 

-entify the processor as a repeater and not a lamp unit) and 
by the setting of thumbwheel switches (to identify which 
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repeater the processor is), both of which are included in a 
repeater unit identity circuit 494. Alternatively, the 
console repeater 54 can assign an identity to each trunk 
repeater 55 connected thereto. transmitting that identity via 
each of its nine outputs one-at-a-tiae. Thereafter each trunk 
repeater 55 can assign an identity to each truss repeater 56 
connected thereto. transmitting that identity via each output 
one-at-a-time. 

Any system utilizing processor- controlled devices must 
accommodate the possibility of a processor lock-up. a 
condition in which the processor may cease to perform its 
norma! function due to corrupted data or the inadvertent 
execution of an endless loop of program instructions. The 
smart repeater of the present invention anticipates this 
possibility and provides a set of logic gates 484 associated 
with the communications controller, which route signals to and 
from the Manchester decoders and encoders and the 
co^unications controller. Xn a default state, the bypass 
Sates route the output of the broadcast decoder 472 to the 
input of the broadcast encoder 474. while also routing the 
output of the reply decoder 458 to the input of the reply 
encoder 470. Each of the decoders and encoders themselves are 
connected in a default state as "repeaters., re-encoding the 
sagnal which appears on its input and providing the signal to 
its output. The default state of the signal repeater unit at 
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initial power-up is that of a "dumb repeater- th. 

repeater , the operation 
of w hl ch xs similar to repeater « as shown in plG0R£ f 

When the processor in the smart repeater initializes ana 
begins to execute its stored programs, one periodic function 
is to reset, via control line 486. a hardware timer 
incorporated in the bypass gates 484 and switch the gates so 
that all signals are routed through the communications 
controller. Control logic gates associated with the bypass 
gates produce logic signals 488 which are applied to the 
Manchester devices to reconfigure the devices from repeaters 
to encoders or decoders as retired. „ i ong a8 the proceS8or 
continues to function normally, and periodically reset the 

hardware timer associated with th. k 

sociaced with the bypass gates 484, the unit 

functions as a smart repeater. „ the processor fails and 
ceases to properly execute its programs, the timer ti».-out 

and the unit switches over to dumb repeater mode. The 

provision of a dumb reneat.,- m~i. < 

™n repeater mode for default or emergency 

operation ensures continuity of the system data communications 
net-orx in the event of a processor failure in one of the 
signal repeater units. 

*«y of the processor- controlled repeaters of the present 
invention can be provided with a standard serial data port 480 
for connection to a portable or hand-held data terminal a 
technician can connect such a terminal to a serial port 
connector provided on a repeater box or on a distribution rac* 
-d use the terminal to initiate diagnostic tests of the data 
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link system, and receive test results and/or status data. Por 
example, if the red reply link LED is lit on one repeater box, 
a technician can plug into the box with a hand- held data • 
terminal to receive more detailed information about the 
indicated malfunction. A technician can also use the terminal 
to initiate further tests, which may be executed by' the 
processor at the repeater, or which may be requested of the 
control console via a message sent from the repeater. 

A portable data terminal can communicate with the 
repeater processor in the spare time between handling system 
commands and lamp unit responses transmitted over the data 
link network. A technician using the terminal can transmit a 
message to the console requesting a system command message be 
transmitted to one or more lamp units. The technician can for 
example start and douse bulbs this way while working in the 
lighting rig. Alternatively, a technician using the terminal 
can transmit a message to one or more lamp units connected to 
the signal repeater unit. A terminal connected at a 
distribution rack can transmit messages to one or more of a 
plurality of truss repeaters connected thereto. 

As an alternative to the portable data terminal, a smart 
repeater may include an alphanumeric character display 452 for 
indicating the status of the data link network by displaying 
error codes .or similar human- readable messages. A plurality 
of push-button switches 492 may be provided as input devices, 
and may be used in conjunction with a simple menu of input 
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choices written t« 

to the display unit by the processor Thi* 

r rouunes « — M by cominicatins h 
"L r r ter ■** proceseor a — - * — - 

terminal arrangement. 

As .hown ia PIGS . 16 ^ „ ^ diseussed 

various lamp unics travels 

console 2, and ^ 660 Che COntr ° l 

ana the console repeacer ^ ^ 

distribution rack 4nn * 

P r ®f erred embodiment provides a 
duplicate link 580, shown in fig i 6 v , a 
x a „ u 16 ' via a connection to a 

backup control console 582 „ 

Thi fi h i • 86 ° f tart "«* failures. 

This duplicate link 580 remains dormant w 

dormant, however, until 
activated, providing no additional d* ta 

10nal data communications 
capacity beyond what the „ain data link 26A al „ 

In a preferred „• 7 prOVides - 

herein is «• «- lighting system disclosed 

" COntr ° lled by * -trol system to facilitate 

the upgrade or replacement of individual system con™ 
modules fn . • system components or 

Jules tor ^corporation 0£ sofcware ^ harawe 

- — vichout affecting 
nnre control system . ln aMition _ indiviauai - 

a« pre.era.xv interchange. so ^ ^ 

~ * — • " -cesser, to accost e 
the va m n 9 regents of aifferent shows. 

As shown in P 1GS . 2S ana 26. the CQntrol 

comprises a TOaular controller 

ontroller mamframe soo. interconnected 
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with control panel units 546-552 and other control devices in 
a Control Resources Network by a set of input modules 590, for 
controlling lamp units in a Device Control Domain 
interconnected with the modular controller mainframe 500 by a 
set of output modules 592. 

Controllers for modern lighting systems often" must be 
capable of simultaneously supporting diverse lamp units having 
different communication protocols, functions and data 
requirements. For example, lighting designers often desire to 
incorporate conventional (intensity- only) lamp units, in 
addition to automated variable -parameter lamp units, as well 
as utilizing lamp units provided by different manufacturers. 

While conventional lamp units only require an intensity 
data value, automated variable-parameter lamp units, such as 
those associated with the Vari*Lite«> Series 200™ lighting 
system, will require a number of variable parameters 
including, e.g., color, intensity, gobo, pan and tilt. 

Additionally, more complex automated variable -parameter 
lamp units capable of projecting images, e.g., lamp units 
having a liquid crystal display, such as those disclosed in 
the above incorporated application serial no. 07/693,366, 
require image data files in addition to the parameter data 
associated with a typical automated lamp unit. 

Accordingly, each module, in the sets of input and output 
modules 590, 592, discussed further below, is configured as an 
independent data network, capable of conforming to one or more 
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different coition protocols for COTTOlnicatins vith 
.pec l£lc devices attached thereto, thereby facilitating the 
connection or the modular controUer Enframe 500 Co , nu ^ r 
of otherwiee non- compatible devices, m this n^. che 
modular controller M inf ram e S00 serves as an interface system 
for conations between a plurality o£ control devices 
having diverse communications protocols and a plurality of 
las* units and other output devices having diverse 
cogitations protocols, functions and data forces 
Accordingly, proved control of various types of la^ units 
having diverse functions and protocols may be achieved 

Each module in the set of input modules 5*0, shown in 
' " Md "* < <»"her below. 9erV es as an 

xnterf.ce between the modular controller Enframe 500 and one 
=r more control devices, e.g.. S55-55S. 550. 558. 570. 
-ached thereto. Bach nodule in the set of input nodules 550 
xs configured to receive control con^ds fro. the control 

devices connected thereto and to translate if „. 

innsiace, xf necessary, the 

recexved co^ands into a co™»nd fornat that TO y ^ 
interpreted by the modular controller mainframe 500 . 

Each module in the cef ~ 4 

xn the set of output modules 592. discussed 

-rther below, serves as an interface between the modular 
controller rain£raine 500 Md m ^ ^ ^ ^ ^ ^ 

end other output devices having diverse creations 
Protocols, functions and data formats. The individual modules 
xn the set of output modules 55 2 receive generic console 
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commands from the modular controller mainframe 500 suitable 
for communicating with all lamps and other output devices and 
translate, where necessary, those generic commands into the 
specific commands or parameters required for communicating 
with the specific type of output devices connected thereto. 

Upon manipulation of the controls of the control panel 
units 546-552, e.g., the knobs, buttons and faders described 
further below, the modular controller mainframe 500 preferably 
generates "generic- console commands, consisting of an encoded 
representation of the manipulation performed on the console 
controls, for transmission to each lamp unit. 

■ While some lamps units, e.g., those described above, 
having local processors and memory for storing cue data, are 
capable of directly accepting these console commands for 
translation by the lamp unit processor into the necessary 
values for conforming their parameters to achieve the desired 
lighting effect, other lamp units, not having such advanced 
processing capabilities, are only capable of accepting 
absolute parameter data, i.e., the actual calculated data 
values for pan, tilt, color, and other parameters. 

Accordingly, for those lamp units only accepting actual 
parameter data, the "generic" console commands must be 
translated by a processor remote from the lamp units, prior to 
the final transmission to the lamp units, into the required 
specific absolute parameter data values. Preferably, the 
generic console commands are transmitted to each module in the 
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set of output modules SS2 , wh 

— 1. Performs a. comKnd traasla CeS8aiy ' «** 
* «»ands to the lamp ^ bSf0re 

*or example. i£ a console operator adjust. . taob 

associated with intensity control * 

control for a number of lamp 
selected for manual com-™) ... 

SCO will trM ^ B ° tlUlar COTtr0ll « 

«U transmxc a command to each module in the ^ Qf 

output modules s 92 consisting of an encode 

the -delta value- corresnond Mentation of 

— 1- in the set C ° reSP ° ndlnS " "» ta <* «*«~. Those 
units k ° UtP " " 0dUU8 5M thSt «W« U, 

z : ot airectiy incerpr - in9 «- ~— ~ 

c-and vui cransmit the console command to each connected 

17 r: wichout transiation - — — -ies i 

» of output modules 592 that support ^ ^ 

~" "— * ~ ~ - -ric console 
Z ° * — r values necessary to set the 

selected lamp units to the desired intensity 

Those modules in the set of output modules 592 that are 
poured to perform co^d translations preferably ZZ 
ocessor and memory for storing cue data in order to 
Ucate the functions of a lighting controller, such as 

nerexn the controller receives commands representing 
nation of console controls, and calculates the absolute 
Parser values necessary for transmission to each ^ J t 
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in addition, each output module 592 may be configured to 
conform transmitted signals according to the app ro p r i ate 
communications protocol for the . connected lamp units, i.e., 
each output module ensures that transmissions to the lamp 
units have the appropriate signal levels, timing, parameter 
order and other format factors that are expected by the lamp 
unit. 

MODULAR CONTROLLER MAINFRAME/MAIN PROCESSOR KERNEL 

The modular controller mainframe 500, shown in FIG. 25, 
includes a main processor kernel 502 and sets of input and 
output modules 590, 592, all interconnected by high-speed 
parallel data busses, including input bus 512, output bus 572. 
and mass storage bus 504. 

The main processor kernel 502 includes a microprocessor 
(CPU), such as a Motorola MC68040, random-access memory (RAM), 
read-only memory (ROM) , and associated support circuits. The 
main processor kernel 502 could be constructed as a mother 
board having its CPU, memory (RAM and ROM) and support 
circuitry built thereon, with the mother board additionally 
providing built-in connectors for mating with plug- in 
connectors of the various buses 504, 512, 572. 

The main processor kernel 502 communicates in one of 
several modes with the various modules in the sets of input 
and output modules 590, 592 for the transfer of cue data, 
status reports and other information, in a manner similar to 
the communications manager program, described above for 
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««. can be provid8d two Cype6 , f ^ ^ 

003,1168 in the sets ° f input - «~ 

broadcast address. 

Accora^y. each noaule my be iMividualiy accessea 
the «» processor kfirnel ^ traasnitting ^ 

a^ess associate* w ith thac partlcular ^ 
with the individual module addr^ « , . 

with th* * y ^ m ° dule "■oclated 

with the transmitted address will respond. 

In the module broadcast mode the n» 4n 

raoae ' tne processor kernel 

502 can transmit messages to «n «. - , 

and ft 83968 t0 a11 modu les in the sets of input 

and output modules 590, 592 at * ™. 

modul . - 592 at a common address, wherein each 

-o-l. xn the sets of input and output ^ 

-Ponds dependin, upon the respective configuration of the 

I I' T d ^ ~* — - one embodiment, 

additional module broadcast addresses can h 

t . m . cresses can be provided to allow 

the mam processor kernel 502 ■ 

. 6rnel 502 to l»it a broadcast to either 

the set of i„p U c modules 590 or the set fif rt „ 

Cfte set of output modules 592. 

in a lamp unit broadcast 

° aSt mode ' control input signals 
received by the modular control • - 

controller mainframe 500 from any of 
the control input devices a ™ 

aevices are transmitted via the set of 

output modules 592 to each of t-*o 

n . ° f the lan «P ttmta connected in the 

Device Control Domain at a mm- 

111 ac a common address. 
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MASS STORAGE DEVICES 

The main processor kernel 502 communicates, via the mass 
storage bus 504, with processor- controlled mass data storage 
and retrieval devices, e.g., a large capacity hard disk drive 
506 or a digital data tape cartridge drive 508. m addition, 
a floppy disk drive 510 may be connected directly to the main 
processor kernel 502. 

Preferably, the mass storage bus 504 conforms to the 
Small Computer System Interface (SCSI) protocol, or a similar 
bus standard, so that additional mass storage devices (not 
shown) can be easily connected to the mass storage bus 504. 

Cue data uploads, received from the lamp units by the 
output modules 592 and then transmitted to the main processor 
kernel 502, can be stored on the hard disk drive 506 in 
addition to being "backed-up- on the tape cartridge drive 508 
and/or floppy disk drive 510. status reports, described 
further below, can be logged on the hard disk drive 506 for 
analysis by a data base and report generator program which may 
operate on the main processor kernel 502 or on a personal 
computer 560 (FIG. 26). 
OPERATING SYSTEMS 

Operating system software for the various devices of the 
modular control system, e.g., main processor kernel 502, the 
sets of input and output modules 590. 592, control panel units 
546-552, lamp units, and smart repeaters 52-58. can be stored 
on hard disk drive 506. In this manner, updated versions of 
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the operating system software can hp u , 

driv* «nc • ^ ° nt ° the 

drive 506 via a tape cartr-i a 

ape cartridge inserted in the tape drive 508 
or via floppy disks inserted . P W 508 ' 

ercea in the floppy disk drive sio 
Operating system software can thereafter h „ 
, ha thereafter be downloaded from 

the mass storage devices 506-510 to th. 

as required. appropriate devices, 

INPUT MODULES 

The to processor kernel 502 _ ae ^ 

J :;r MuitiprotM ° i — - - - *~ 

5 S9 ° are connected to m, b • 

-ans of parallel ■ 1 ^ 502 ^ 

ox parallel input bus 512, e.g a lfi K ,, 

path al^n • blt ° r 32 " bit ^ta 

L; re : 3 associaced a — - — — ^ 

as J h d e . CDn£l9Urati ° n ° £ iDpUt — in n, 

° d dlSCUSSed I- »ere ly lucrative other i 

— >e = m «t. t0 the inpuc bM 

new co„ trol devices J ' " Ie?Ulred - " 

- J~:; 0 :;: — ■ — • — — - 

. »eu ta l " ain£ra " e 50 °' 38 *""» iD ™" 

Preferably ' in " ut =« is envied as . toten b 

controller for rr*». • n bus 

er, for co^unicating with microprocessor- controlled 
control panel units 546-552 » • 

*46 552. A microprocessor station 
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connected to the serial token bus may transmit on the bus when 
it has possession of the control packet, or "token-, with 
control being surrendered upon transmission to the processor 
receiving the control packet. Alternatively, a token ring 
network may be implemented, with the various devices on the 
network connected in a daisy- chain fashion to form a closed 
ring. 

Input module 514 is preferably configured to "listen to- 
all messages on the serial token bus. In this manner, input 
module 514 can transmit at any time input control signals to 
the main processor kernel 502, where appropriate, regardless 
of which processor station connected to the bus 512 possesses 
the control packet . 

The control panel units 546-552 are each controlled by 
one or more microprocessors and may be configured to 
incorporate particular features and functions of a control 
console, described above, such as the Artisan* console 
marketed by Vari-Li t e, Inc., of Dallas, Texas, in addition to 
supplementary features. 

For example, a manual control panel unit 548 can 
provide, e.g., means for selecting lamp units to be placed 
under manual control, means for indicating selected or active 
lamp units, and means to manipulate the various parameters of 
selected lamp units, m a typical lighting arrangement, 
manual controls are utilized for arranging the various lamp 
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units in a desired configuration r>r± or „ 

3 lon P^or to storing the 
resulting lighting effect as a -.cue". 

in addition, a snorters control pane! unit SSO can 

IT"' ^' — * — -ailing and initiating 
-s. as well as means £ or executing ^ual cross-fades 
between two cues. Once a cue has bee n assigned to a 
sister, it My typipally bfi ^ s 

assorted suhmaster and manipulating the fader on that 
submaster. 

, or C ir^ /Mcrix contro1 pMei - it 552 ~ — 

cont rolllng 8eguences _ ^ aadition 

cnase/matrxx control panel unit ceo 

in a v ' 552 ex «=uted automatically 

m a known manner a . Ay 

A known panel provides faders for 

An additional control panel unit 546 f eat «^ 
of f-w featuring a subset 

1 —■ 1 — - — - « chase j 

" COTtr0lS d6SCrib6d — • -y * usea as an aUernace 

:::: co r e in a — - - ■ — ~ 

= soxe. ^3 remote or tackup COMole my ^ 

backup control consol* such as the • » 

-rkecso by vari-wce i COnS ° le 

Lite. inc.. of Daaias. T^cas. in addicion to 
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supplementary features. The control panel unit 546 is 
preferably constructed on a single control panel. 

Input module 514 is preferably configured to receive and 
sample data at a sufficiently high data rate such that each of 
the control panel units 546-SS2 connected to the serial token 
bus 523 can be on-line simultaneously. This allows a remote 
operator to perform control operations on the remote control 
panel unit 546 while the main operator performs operations on 
one or more of the control panel units 548-552. 

Each control panel unit 546-552 preferably includes one 
or more display modules, which may be liquid crystal displays 
(LCD) , electro-luminescent (EL) graphic display panels, 
vacuum- fluorescent (VP) alphanumeric display modules, light- 
emitting diode (LED) character display elements, or other 
suitable display devices. 

The control panel units 546-552 may also include "soft 
switches", for example, push button switches having character 
display means in the key cap of the push button, such as the 
Pixie Graphic LCD Switch made by Industrial Electronic 
Engineers, Inc., of Van Nuys, California. Alternatively, push 
button switches can be mounted adjacent to other display units 
which indicate the functions of the buttons. 

In this manner, as the function of the push button 
changes in different operating modes or under control of 
different operating system software versions, the label 
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^.Played in the te y cap or in 

written to indicate changed or alternL " * *" 

M or alternate functions 
Some of the push button switches nay be fixed * 

~« a nu^ric keypad, while otbel buttcTa 
repro 9 ra»abi e in di£ferent 

r — • ns * S ht be channel .^ZZ ^ 8 
and txnana function controls in another „ode 

— zrr ^ uaits s - ssj - «- — - o r 

types of continuous manual control devices, for exa^le 
rotary taob-type controllers such .. 

or linear fader r VaaX encoa «*. 

aar fader- type controllers such as linear slide- 

potentiometers a , 

rotary cont C0Dtr01 ^ M8 «-» 

rotary continuous controllers whil. = 

*» nay contain only linear oT " ^ ^ 

—on control paL ZTZV'*-! 1 -- * ~* 

chase/matrix controller 557 
or a remote/backup console 54 c "oiler 552 

linear , 7 C ° ntain both ro ^ry and 

J-inear controllers. 

The primary control panel units 548-552 „« v k 
together ir, = • , be »°unted 

I : e — « « - — as a „aiu control 

-ced-ai^^irrr My be ~ — - 

-nits s, 6 . 552 can J ' 8aCh " C ° ntr01 ^ 

» install t " 3 PimCUUl 

' ' «"»*—». tb. soft switches, as desired 
The nodular design of the contro! panel units 5«-ss 2 
-lows the controller to be designed in accordance with 
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prevailing desires of lig nCias systen ^ ^ 

= T £ " r ^ eMily SUPPlM " d * * «««« configuration 

d ; SlreS — "* With0 " ™* * ™ te redesign 
the hardware and operating system progress of the entire 
1 i 3 hti*g control console, since each control pan el unit s«- 

runs its own operating system program, the necessary 
program modules can be rewritten to support a new control 
pane! unit while the rest of the moduler control console 
system remains unchanged. 

Additional input modules can be provided as well es 
shown in „ G . 2S . including, e.g.. a ^ ical Inscrunent 
m 9 ital interface .MIDI, module .»«. an gthemet port module 

" 88232 SerUl P»" —1. =20 or a video input 

module 522. 

The MIDI input module 51* is configured to receive and 

el?'" Si9DalS C ° nf0n ° " " B " «~»- - one 

-od.ment. the m input module S1S My ^ ^ 

*W recorder/se^encer SSS. such as the Alesis Huiti 
Tree, MIBI Recorder . by ^ Qf , ^ ^ ^ 

"cording and playbac* o£ control ^ 

by the modular controller ma intrame 500 . as shown in «. 26 
and discussed further below. 

in another embodiment, discussed further below, the MIDI 
-put module Sis may be connected to en electronic musicel 
instrument 557 or other device capable of generating Midi 
■notes-, with the MIDI „ 0 tes generated thereby received and 
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T" - ^ ^ n0dUlar COT " oll « soo to 

e«ectively cootrol lighting ^ ^ 

recorded 5S6 . as shown, or alternatively, the 
-truant ss, my be coupled directly to module S16 

Since the nwt convention de £ ines ». m aot-> up „ 

japped- to unique „ notes . ^ 
a ^ bucton on a Mntroi ^ unit 5<6 _ 

— . will be detected b y the TOin processor ^ ^ 
whereupon the rain processor ^ _ 

:r;; ccmaDa int ° - — — — - « 

note ON command mav b*» n, on _ 

may be then transmitted to the MIDI input 
module 516 for recording by the mtht 

when th. h recorder 556. similarly, 

when the button is released, a MIDI note opp 

a kuux NOTE OFF command mav be 
transmitted to the recorder 556. 

at ^ZT in9 " e r6COrder " ~ ™ 
at .ts MID! I N por , the series of comnands generated 

utton depressions on the control panel units 546-55, may be 
"red » the non . volatne ^ of ^ recorder J 

later retrieval. 

that ^ '° anner ' C ° nCr01 CU6S " M * * 

a Place the contro! pane! units S«- 552 ia . ^ 

ond^on f or execution o £ a series o £ cues £ or a particular 

7" danCfi - — ^ " ~ the suiters control 

Panel SSO £or a particular son 9 . the associated cue outers 
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for that song or dance must be loaded into specific submasters 
and the appropriate submasters must then be selected. 
Similarly, to prepare the chase/matrix control panel 552 for a 
particular song, certain chases and matrix patches must be 
loaded. 

The console operator typically performs these tasks 
during a performance, prior to each song, by executing a 
series of button depressions on the control panels. 
Unfortunately, the order of songs to be performed is often not 
known in advance, and the operator will only have a minima] 
amount of time, following notification of the next song to be 
performed, to arrange the control panels 546-552 in the 
necessary configuration. 

Accordingly, the MIDI recorder 556 can record for each 
song (in advance) the series of button depressions necessary 
to place the control panel units 546-552 in the particular 
condition for the series of cues associated with each song or 
dance. Thereafter, during a performance, when the operator is 
notified of the next song to be performed, the operator can 
initiate the playback of the previously recorded button 
depressions by the MIDI recorder 556. The MIDI recorder 556 
effectively performs the quick burst of key depressions 
required to setup the control panel units 546-552 in a 
particular condition. 

The MIDI signals received at the MIDI input module 516 
from the MIDI recorder 556 during playback are preferably 
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transUte* to tne correspond coasole CQntroi ^ 

^ Pr ° CeSSOr ° f the «« Si. . prior to 

— Itti, the oo^an.3 to the min ^ 

-sequent transmission to the CMtrol pMei units 

"° ^ tta ° Sla "° n *» «- «* input ^ Sl , ' 

relieves the processor nf - • 

P ocessor of the mam processor kernel 502 of 

performing this task, and allows thp ma • 

r . - Q allows the "am processor kernel 502 

to remam free to perform other tasks. 

Although, as stated ahove, the MIDI recorder 556 ma y be 
-odied as a multi-track MIDI recorder , ^ Qf 

one or more tracks simultaneously onlv * «■ n 

be utilize . 7 n9le track should 

NOTE off " reCOrdiD3 8 ° ^ «■ - -d 

NOTE OFF commands are not directed to the s*ne button 

simultaneously. In addition> ±t ^ ^ ^ ^ 

;r::;r of "~ buttons °* the ~« — - 

552 will not be recorded by the mtht 

oy tne MIDI recorder 556. 

In an. alternate embodiment the mttvt < 

enc ' tne MIDI input module 516 
nay be configured to receive iw 

9 enerated „ Parameter control commands 

aerated by an electronic musical instrument 557 or other 

device capable of generating MIDI notes Bv » • 

noces * fi y mapping MIDI 
to pa rameter control ^ ^ ^ 

^tin 9 8mem parameters mav * airectly altere(J fa- ' 
remote source by depressin9 che . keys „ ^ 

SSlretl notes " ~ the MJDI instrument 

* «n «, o„ an. N0IE off co^anas generated by ^ 
-n» aev.ce 5S, win * COTBluaicaced M ^ ^ 
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via the MIDI input module 516, where the MIDI commands will 
preferably be translated to the corresponding console control 
commands by the processor of the MIDI input module 516, before 
transmission to the main processor kernel 502. 

Commands received at the modular controller mainframe 500 
for controlling the state of a console button can be 
interpreted in either of two ways,, i.e., to toggle the state 
of the button to its alternate state or to place the button in 
a desired state, regardless of its prior state. Accordingly, 
two modes are preferably provided. In the first mode, 
parameter control commands received by the modular controller 
mainframe 500, i.e., a MIDI NOTE ON or NOTE OFF command, will 
be interpreted as a command to toggle the associated console 
button co its alternate state. Accordingly, if a MIDI NOTE ON 
command is received in this first mode, corresponding to a 
button already selected, the NOTE ON command will toggle the 
button to its alternate, or deselected state. 

In the second mode, however, commands received at the 
modular controller mainframe 500 are interpreted to place the 
associated buttons into a known state regardless of the prior 
state of the button. 

For example, a message received by a module in the set of 
input modules 590 may contain a command to select certain 
submasters and/or deselect others, regardless of whether or 
not the submasters are currently selected when the message is 
received by the input module. 
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Upon receipt of this command bv th* M , 

wuioa oy the modular controller 

soo. Mi . processor ^ 5M vm ^ 

i r processor kernei sM win «~ ^ — * 

sena . „ essage contaiain9 ^ 
s« - t0 the COTCrol ^ ^ J« 

The control panel units 546-552 will ^ 

3W Wlil each receive the 

message and individually resnnr,* 

a(M . . y res P° nd ' Spending upon whether or 

not the specified submasters 

Danel , . SterS reSlde on fc he individual control 

sZsT The concro1 panel ^ havi - - ~- 

submasters will respond to the cc^and by i ighting the 

:i r :: iate seiect button fsELi ' if - - - 

ndlCatl ° D th3t ~ suhmaster is selected. fc 
control panel units not having the specified sub^ters will 
Wore the suomaster select corned. 

in addition, messages containing the submaster 
select/deselect con^ds should also he sent h y the main 
Processor Kernel 502 to each o£ the various ^ 

the set 592 for transmission where ar> , 

the la™ • appropriate, to each of 

the lamp units. As discussed above for t h oa?a ■, 

caoabi* ^ • 86 liUnp "^t" n «>t 

capable of interpreting -generic" con « n i 

a eric console commands, the 

e ^ solute p _ ecer to< suitable for interprecation 

the lamp unit. 
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Input module 518, shown in FIG. 25, implements an 
Ethernet port for high-speed data communications, in one 
implementation, the Ethernet port may be connected to a 
graphics workstation 558, such as a Sun Microsystems SPARC 2 
computer workstation, via serial data link 526, as shown in 
FIG. 26. A graphics workstation 558 may be utilized to 
develop, modify and control images which are to be projected 
by automated lamp units having image generating capabilities, 
such as the lamp units having liquid crystal projection gates 
disclosed in the above incorporated application serial no. 
07/693,366. 

In addition, graphics workstation 558 may be utilized to 
operate software suitable for coordinating the off-line 
programming of lighting parameters by utilizing a three- 
dimensional model of the performance venue and the functions 
of a lighting system, such as the programming and modelling 
tool described in the above incorporated application serial 
no. 07/641,031. 

Input module 520 preferably implements an RS232C- 
compatible serial data port, m one embodiment, shown in FIG. 
26. the RS232 port can be connected to a personal computer 560 
via serial data link 528. allowing cue data, status reports 
and other information to be transferred between the various 
lamp units, control panel units 546-552 and personal computer 
560. m this manner, the personal computer 560 can be 
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utilized for development, displav an „ 

»d status reports. "^Pulation of cue data 

Preferably, a suitable modem circutt ig . 

—I- BO. since the Rs 232 data format • U *° t 
tranWB .„ , format xs commonly 

transmuted over telephone lines lc „ 

• ^ shown in fig 5 c 
" 0dUlar ^roller Enframe soo can thu a 
remote devices and , communicate with 

evices and computer systems via ..w.i - 
« telephone l ine inter£ace ,„ ™ ™ "0 

— s reports and other 1 ^ aU ° WiD9 ~ 

«■ P*— nee venue " " " "^"^ ^ 

this manner f" --enance facility, m 

- operat 'at " e " ^ ~ ^ - — by 
r at the remote facility. 

Input module 522 < e , 

rj-.-r- ~ ~ - — » : - - - 

er 570 and/or camera 568 may be , 
traiwm<t ., , y oe mul tiplexed and 

transmitted to those lamp units having • 
capabil icies via Sfiparat „ ^ in ** e crating 

ia se Parate data link 5»a 
OUTPUT MODULES. (discussed below) . 

As noted above a « 

" a set of °"tput modules 592 a « 
preferably provided for Interfax 

with the lamp units Z ~» *~» — 

connected to JTL * S » « 

Parallel Pr ° ee8S ° r ^ 502 * — « 

Psraliel output bus 57.. ..... ta 

Path, in addition to b " 341:3 

to the necessary address and control lines. 
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Each output module in the set 592 is preferably 
controlled by one or More microprocessors, such as the- 
Motorola M««02 mtesrated Multiprotocol Processor and the 
Motorola MC68332 microcontroller. 

AS noted above, each module in the set of output modules 
S92. is preferably configured as an independent data network 
allowing each module to serve as an interface between the 
nodular controller mainframe soo and one or more types of lamp 
-its and other output devices having diverse colmMnicatlons 
protocols, functions and data formats. Each output module in 
the set 592 translates, i, necessary, the generic console 
commands received from the modular controller mainframe 500 
xnto the specific co^nds or parameters necessary for 

communicating with the specific types of lamn ,.r, ( . 

uypes or lamp units or output 

devices connected thereto. 

The configuration of the modules in the set of output 
-ules 552 and the lamp units or other output devices 
connected thereto, e.g.. the nuirtjer ^ type 6£ ^ ^ 
connected to each output module, as shown in FIGS. 2S and 2* 
and discussed below, is merely illustrative, with other output 
»odule configurations being easily developed, as necessary to 
accomodate varying preferences in the variety, nuntoer and' 
arrangement of lamp units and other output devices comprising 
each lighting system. Furthermore, additional individual 
output modules can be constructed or upgraded, as necessary 
to accommodate any new conjunction protocols, functions or 
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aata formats that nay be developed for la** units M r 
devices. and 0UC P UC 

As noted above, each output module in the set ,„ ^t be 
a-le to confom signals, prior to transmission to the 
connected lanp units, to the appropriate co^cacions 
Protocol, i.e.. each output nodule ^t ensure that 
transmissions to the 1^ units have the appropriate signal 
levels, tining. vmmutuc order ^ ^ ^ 

ere expected by the lanp unit. 

m the illustrated embodiment, the lig„ti n g system 

Z " 8 ° £ aUtW,ated units capable o £ 

a s r iViD9 96neriC C ° nSOle «"— • 

ZIT with the vari * Lice * series — ~ 

<V"00S,. such as the v^. ^ „ ^ 

automated variahio s ' 

var.able-para.eter las* units requiring absolute 
Parameter commands, i.e.. those requiring 

~ console commands; suited variable-parameter lamp 

! " CaPibU " ~ automated varZle- 

Parameter lamp units capable of pr 0j ectin 9 video images- 
standard conventional, fixed-focus lanp units and „ ' 

devices = - ■ other °"tput 

-s. e.g.. ai r cannons , ^ eff c 

r h " Chai ° h0i " " ™" - ovation 

of the truss assembly. 

Preferably, as noted above each m, i 

e ' each module in the set of 
output modules 592 that support larnn 

PP " lamp capable of reacting 

to received commands is canahio - 

capable of transmitting commands on a 
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broadcast basis to a common lamp unit address and to transmit 
lamp-specific commands to individual lamp unit addresses. 

In addition, the set of output modules 592 is preferably 
configured to download operating system software from the mass 
storage devices 506-510 to individual lamp units and smart 
repeaters connected thereto, as required. Each module in the 
set of output module S92 may be programmed to accomplish other 
tasks, as well, according to the operating system software 
written for that output module. 

In the illustrated embodiment, output module 534 is 
configured to support automated variable -parameter lamp units 
capable of directly receiving generic console commands, such 
as those lamp units associated with the Vari'Lite® Series 
200™ system. When output module 534 is configured to support 
the communications protocol of the Vari'Lite® Series 200™ 
system or a similar protocol, it preferably implements 
bidirectional serial data link 26A2 using Manchester encoding, 
as described above, which features separate broadcast and 
reply data links in a dual network. 

Output module S35 is configured to support automated 
variable -parameter lamp units requiring absolute parameter 
values. Accordingly, output module 535 must be capable of 
translating the generic console commands received from the 
main processor kernel 502 into the absolute parameter values 
required for the specific types of lamp units connected 
thereto. As noted above, output module 535 preferably 
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:r ssor - a for — - - *- — 

perform the necessary command translations. 

In the illustrated embodiment, output M dule 536 is 

capable o £ projecting images, e.g.. those havi ng lig uid 
crystal promotion capability.. Accordingly . „ 
36 connected to the associated laa* units by means of data 
is preferably configured to interleave stored 
digital data fil es with the system cos^nds and parameter data 

Really downed by the controller for storage in the 
local memory of the las* units prior to a performance. The 
-ta fixes may be received fr» ^ CB ■ 
or from a mass storage device 506-510. 

The image signals associated with output module 536 are 

Z7 disical ta - si9nals; ac ™- «- — 

-y * carried between the output module 536 and repeater mm 
r transmission to the connected lamp units by means of a 
educated twisted pair „«. which is typically utilised in 
lighting systems. 

output module 53 B may be configured to support automated 
^ units capable of promoting video i^ges. e.g.. th0 se 

lamp units having liguid crvctai _ 

a iguia crystal projection capability 
Accordingly, output module 538 

6 538 ' Elementing data link 26A5 

I' """"" aMlD3 ViSe ° Si9DalE - «- connected las, units 
Tbe v ld eo signals may be received through input module 523 



126 



WO 96/41098 

PCT/US96/09850 

connecting a source of analog video » « 

9 viaeo, e.g., camera 568 or video 

tape recorder 570, as discussed above. 

Since the video signals associated with output module 538 
are typically analog signals they may be carried between the 
output module 538 and the connected lamp units by means of a 
dedicated coaxial cable 576. Output module 538 may be 
reconfigured at such time as necessary to accommodate digital 
video signals. 

The lamp units having liquid crystal projection 
capabilities can be configured to generate animated pictures 
by sequencing stored digital image data files. Accordingly 
output modules 536 and 538 are preferably configured to 
transmit image files to these lamp units in a real-time 
sequence. Alternatively, the image data files can be 
transmitted to the lamp units for storage in advance of a 
performance and recalled in a sequential manner similar to the 
retrieval of cue data. For those video lamp units requiring 
analog video signals, the digital ixnage data files for 
sequential projection are preferably converted to analog 
signals by output module 538 prior to transmission to the lamp 
. units. 

Output modules 536 and 538, supporting image generating 
lamp units, preferably include the appropriate hardware for 
image handling, i.e., additional memory capacity for storage 
of image files, and conversion circuitry, if necessary, for 
converting image files from analog to digital signals, or 
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I".!""' ^ * ^ ^ « -f connected 

y . coaeression circuitry £or transnissiOT 
««« 8e ^ ences wer a reiativeiy siow ^ unk 

m the shown ta FK 2s a separate • 

* " PrOVlded Vid " -odui. s 22 and video 

1 r " aM1 ° 9 Vide ° Si9alS> ^ «» 584 

allows the vldeo sigMl „ be trMaBitcea 

— • « » the ouput TOdule S36 „ M s J 

IT re " irin9 anal ° 3 -^- ~— - Lie S22 
- -e„ reconversion trm di3ital . c 

r z::r : t ;~ — - - — 

Mn . "" ea - co P rev *" overburdening the 

transmission capacitv of 

internal buses Sl 2 arid 572. 

*s Shown in ro. 2€ , video input _ 

v e a „ pre£erably nuitipiexea onto 

::: — * ^ »• - — s^ „ 

c, he connected video iaap units. In this manner, each 

9 l; s v ; iamp unus is ~— * — - — 

signals for projection p„u 

Dection. Each video output module 538 is 
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preferably con£igured „ ^ ^ ^ ^ 

into a fomat that ts comp&tible with ^ video 
units connected thereto. 

The digits ^ fUes are preferably broadcast 

^ Pr ° CeSSOr k6rael 502 « ea= b of the output »odules 
However, only those modules in the set of output modules 593 
supporting i^ge genersting ia»p units should respond 

Control signals specifying certain changes to the isage 
data at the las* unit projection gates can be transmitted fro, 
the modular controller *a in£rame 500 „ ^ ^ ^ ^ 

cause the las* unit processor to execute such functions as a 

video "dissolve" or »win*« 

wipe from one image to another. Such 

"dissolve" Or "witlP" nnmm*~* 

wipe commands may originate from a graphics 
workstation sss or from a control panfil ^ ^ ^ 

Ascribed with respect CO bidirectional hus 80 in the Control 
Resources Network, as shown in FIG. 2. 

in the. illustrated embodiment, output module 540 

implements a DMX-512 serial data link 542 ^ 

*<-a unjc 542 for controlling ac 

TJJT" AUh ° U9h DH *- 512 -PPorts up 

-"Channels for conventional. f ixe d focus la^p ^ leas 

than 512 channels can be allor=f< . 

allocated to conventional lanp units 

in the illustrated eminent . output nodule 533 is 
configured to support a pl uraliCy of m ^ 

than lamp units. con„only ucil ised in performances As 
descrihed above, other stage action effects often need to he 
controlled hy a lighting console. Por exa^le. output module 
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533 can be configured in a ^ 

signal converter 64 * . w C ° ntr01 
avercer 64, described above with 

for producing control _ • . reSPeCt t0 ™' 2, 

9 con trol signals for directing «-u 

chain hoist motor 66 flirect «g the operation of 

TO0 * 66, air cannon 68. sserHai 

'0 ana a s»oke Wto e ««« Projector 

STATUS REPORTS 

Bach »o oule in tne set Q£ ^ 

lamp units for P ° rts £r0B <*<> 

s tor transmission to the m=-!„ 
Thereafter the ., . Processor kerne! 502. 

thS "" us "ports can be transmitted bv th. • 
processor kernel 502 over th. < 0BXO 
the set of inout „ *" " eMh *» 

-ices " " 0dUleS " 0 — — - «- control 

-r exa^ie. status reports ^ 
Processor kernel 502 can be relayed t 

«-* via input ^ ^ ° ~ — 1 unite , 

-a input module 520, J " PerSOnal 
a^tware of th Pre£ «ably. the operating system 

ottware of these control devices . „ * 

the control devices to rec • 56 ° 

" diSPlay SMh reports. 
.ddit 10 n. an artifi cial intelli 9 ence pro-am or 
«P«t system », be inscalled 

software „f .k the derating 

Oftware of these control devices 546-552 5 60 ,„ 
and analysis of -k ° r moni "rin 9 

«""ysis of the status reports m ►>,• 

^ WitB * in this manner h>i a 

— -ices can scan the status reports. J^, 
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faults in the system by comparing the status reports against 
data base of known symptoms and possible faults. 

It thus becomes possible, for example, for the control 
devices 546-552, 560 to conclude and report that the ambient 
temperature in the vicinity of the lamp units is probably 
higher than normal if a preponderance of lamp units report 
over- temperature conditions in their respective lamp head 
assemblies. 

Upon receipt of a status report from the main processor 
kernel 502, the input module 514, preferably embodied as a 
token bus controller, transmits the status report, along with 
the control packet, to one of control panel units 546-552. 
The first control panel unit to receive the message, i.e., 
unit 548, displays the report to the operator. The processor 
of control unit 548 will compile a message consisting of the 
control packet, the status report, and any control input 
signals generated by operator control actions, for 
transmission to a secbnd control panel unit , i.e. , unit 550. 

The second control panel unit 550 receives the status 
report and displays it. The processor of second control unit 
550 compiles a message consisting of the control packet, the 
status report, control input signals added by the first 
control panel unit 548, and control input signals generated by 
operator control actions at the second control panel unit 550, 
for transmission to thte next device on the serial token bus 
523, i.e., control panel unit 552. 
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Sveocually. tne ^ _ retumed ^ token 
ontroller su. TolMn hus coatroller SM wm thereafter 
axscara the status report an, compile the control input 
for transmission to the main processor ternel ^ 
Experience has shown that certain situations retire' 
different controls tor operatin 9 a computer control^ 
H 9 htin 9 system with aiscrihutea processing * a rehearsal 

r» r* ie - me eoDtrou ~ — — ^ 

an, m^pulatin, their „atiple parameters are retire, f or 
pro 9 ra^n s the system to achieve the aesirea lig htin s 
effects. Xn a performance moae. on the other hana. extensive 

r; reCaUi - ~ - - ~n S .roups o£ ^ 
- s are re^uirea for operetin, the system to reprove 
ana/or combine the aesirea li gh tin 9 effects. 

in a synchronize, performance mode, no controls are 
™ as the moaular controller mainframe 500 ^ 

IT" 9 Si9M1S ~ « «- ^ les in the set of i nput 
-ules „. and recau , _ accMding m a ^ ^ 

so that the aesirea li 9hting e£fects „ m ^ 

cooraination with other events in a show. 

In yet another performance moae it »»„ 

' " "ay oe appropriate to 

P^ae slmple dispuy _ ^ _ ^ m ^ « 

controls on a control panel unit S«. 5E2 connectea to the 
-aular controller mainframe 500 so the aesirea li 9 htin 9 
effects can he reproaucea even if the timin 9 s i9 nals are lost 
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The present invention therefore provides a control system 
for computer controlled lighting systems with distributed 
processing in which the control console can be reconfigured 
and/or replaced with a different console depending upon the 
specific application for which the lighting system is used. 
It is no longer necessary to provide one console having all 
possible controls available all of the time, rather the 
control system can be reconfigured to accommodate the 
differing requirements of rehearsal programming and 
performance playback, including various requirements to 
provide electrical control interfaces between the lighting 
control system of the present invention and other electrical 
control systems. 

Although several embodiments of the invention have been 
illustrated in the accompanying Drawings and described in the 
foregoing Detailed Description, it will be understood that the 
invention is not limited to the embodiments disclosed, but is 
capable of numerous rearrangements, modifications and 
substitutions without departing from the scope of the 
invention. 
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m «o C «r eBbodioeot , the lighting ^ 

—in i. control!* by a <Ua Cribucea concrol ^ ^ 
"ciUtat. -re a« teient utilisation « aivara . ^ 

eleBen "- Wh '"» control rooooree. 

«t«k oaaoni^ aiov . prwidM fw nulupit ^ ^ 

control p^x. 0 p =rst , ng simICaneoualy to 

«™»ul.r controller aaiatrame reBain ^ 

■nauie a emgle. conplex node 

ot date liak commicationo between eh. 

Mtween the controllers and the 
W -ice. The complexity of the ^ coatroiur 

— it susceptible to failure ^ itB ^ _ & 

central node of communications makes its *.„ 

"axes its failure a serious 
Potential liability. T o relies ,-», 

relieve the seriousness of a 

d M " ~ — — — -rein, a 
distributed control system characterise.,* k , 

racteri2ed by distributed 

control system elements interconnected bv • , 

onnected by a simplified high- 
speed data l ink network ^ 

*eferrin 9 now to figure 27 . a distributed oontrol 

system consists of one or more contra 

wore control consoles 24A, 24B. 

24C of the type hereinbefore describe 

scribed, ° ne or general 
purpose computers 560A seos Ke „n 

UA ' 560B. 560C, S60D and ««« 

* a «d one or more 
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load interface module* 602, 610A, 610B. 610C typically but 
not necessarily associated with a power and signal 
distribution rack 400 (figure 16) ; all of the above 
described control system elements communicating over a high- 
speed data distribution network 600, such as Ethernet. 

The various control system elements may exist as 
Peers on the network, which is to say that no one element is 
in control of data communications on the network but all 
elements have equal access to the network; some well- 
understood scheme being u;ili 2e d to resolve or otherwise 
obviate conflicts arising from simultaneous attempts to 
transmit data by two or more control system elements. 
Alternatively. a token bus such as described in connection 
with figure 26 may be utilized. 

Other configurations may be utilized in which a 
control console and a personal computer are connected 
together locally, and one or the other is connected to the 
high-speed control resources network 600. 

One system element has unique status as a system 
data repository, which may be a general purpose computer 560 
that stores a three-dimensional model of the lighting system 
*«ch as described in the above incorporated application 
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It; 07/641,031 

— - Mtiag and CdntroUin. UghtiBg ^ . 

^gure 28 illustrate* £ 

ypxcai architecture for a 

control console 

usoie. control consoles 24 are 

are °Ptimx*ed for 
direct control of lamp units in the r k . 

" units ln the lxghting s yBtein# 

Eluding but not lifted to manual control , 

, . . control of variable 

Sntin9 p "^»ra. ctorina Plrim5cer 
later »„.. , U ""lied 

- U- lamp unit, £o ^ 

«ored p. raBeters . ^ . "--—to 

Umt ' d "i^Play capability » 

op^atton o £ tbe ^ . ^ ^ 

bus 65< executM 
y - M 8tored m a Read-only 

- in Random Aeee , s ^ ~" - 

ROM . ' WW and 

■«»• »l«o being connected t„ k 

renda-b ' Hi «°>««»" 00 

£ ^ ==ntto! panel vi „ . con „ ol 

««• aano connect to bne S51 - ^ 

„, * t°«"*-««m3itive dispiav 

«« ts connected to a d,-. , . "P«y 

a dtaplay interface circuit «o 
=™neeted to bus tS4 _ _. 

— >*~~«r read. toueh ^ 
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from touch-sensitive display 662 via interface 660, and 
writes display data to the display via the same interface. 
A high-speed data link transceiver 656 connects to hue 654 
and serves as an interface between the console and the high- 
speed control resources network 600. 

Figure 29 illustrates typical architecture for a 
general purpose computer. Microprocessor 620 executes 
programs scored in ROM 622, loads programs stored on hard 
disk drive 625 into RAM 623 and executes the programs from 
*AM. Address, data, and control signal bus 624 
interconnects the microprocessor. RAM, ROM, hard disk drive 
and other components described below, a removable diek 
drive 62G, such as a magneto -optical hard disk cartridge, 
score, backup copies of the show file in a transportable 
form. Display interface 630 connect* to bus 624 and 
supports operation of a graphic display device 632. High- 
speed data link transceiver S2B connects to bus 624 and 
serves as an interface between the computer and the high- 
speed control resources network 600. input devices may 
include a standard keyboard 642 connected through interface 
«6; a pointing device 644 such as a mouse, light pen. 
trackball or similar device connected through interface 638 
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and, a voice recognition nodule «o with microphaMi 
connected ""rough interface «34; 

General purpose computers 560 are utilized to .tore 
"* di " PUy tabular view, Q£ par . Mtet ^ 

and grsphica! views of a perform environ^ or other 
lining environment. On. g» eril purpooe COTput „ ^ ^ 
«yete» in a system data repository storing a - chov £Ue . 
containing a three-dimensiona! model of the environment. 
Eluding iMp unite and electa to he illumed, the show 
alec containing palter data £or the U*. unite. T he 

^ ~~ - *» P— ~ data net. ,cue 

da " 1 "° red ta "» «*•• »>e ehow £U . c „ , Uo 
serve other purpo.ee a. will be described herein. As 

deecribed below, copies of the show f»e „av • 

tile may exist on other 

general purpose computers in the system a 

syBten and means may be 

employed to update the copies as the show file on «. 

anow tiie on the system 

18 ^ —a purpose colter in 

the system can displ. y W ^ Bcatus ^ 

view, creste. or edit any show file _ ,„ 

Ille 011 *he repository. 

0-eral purpose computers can also run progr^s that a 
treat, a virtue! control console in a on ^ 

tauter- a display, and allow operators to control lamp 
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unit, from the computer utilising the window in conjunction 
with a pointing device 644 end/or keyboard 642. 

Figures 30 and 31 and illustrate typical 
erchitecture for load interlace modules. u«d interface 
modules 602. 61 „ exist primarily to funnel commands to and 
report the status of all lamp units connected thereto. Load 
interface modules periodically transmit status data over the 
high-speed control resource, network t8r by 
oonsoles snd general purpose computers. Load interface 
-Odoles are also network gateways to multiple device control 
networks, ersnemittmg and receiving data in on. format over 
the high-speed centre! resources network while transmitting 
»d receiving data in another format over individual device 
control networks. 

^=h load interface module 402, S10 is configured as 
« indspendent data nccwork. allowing each load interface 
■odule to serve ee an interface between the high-speed 
distributed centre! resources network 4.0 and one or more 
types of lamp unite hsving divsrse conations protocols, 
functions and dats formats, each load interface module 
translates, if neceesary. generic console cc^ands receive 
fro. control consoles or general ^ 
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specific commands or tjaram^^. ^ 

P»"»««« neeeasary for ooawnicasing 

with epecific type, of 1^ unit, or 
connected thereto. 

load interface rodule 602 (figure $ 

microproeeaeor 67o. ROM 673 ™„..- 

°. ROM 672 contain^ executable programs 

for operating the ederoproeeeeor. RAM S73 tor etorin 3 data 
related to operation o£ the interface. a data link 
traneceiver «„ £or CMmection ^ ^ ^ ^ ^ 

resources network 60 c. front Panel oootrola and indicator. 

" 6 COn ° eeCed " 30 «s. and Ua, unit 

*««.=, 6B0 tn, t aupporta an indepen^ device cont rol 
network. Mdreils . dica , ^ ^ ^ ^ ^ 

-eroonneot. the Mjor funotionU block, of the lo ad 
interface module 602. 

interface module 610 (figure 311 

»*.*gure 31) corresponds to 

the smart Repeater unit shown in figure 22 w 

iigure 22, but is modified 
to communicate with control COBeft i 

ontrol consoles over the high-speed 
data link 600. The M ».k 

The Manchester Encoder 470 and the Machester 
Decoder 472 shown in figure 22 are ^ , 

«rure 22 are replaced in the load 

interface module sin k.. i_. 

by a ■utf.-.peed data link tranaoeiver 

for connection to the hioh-apeed data link 600 

— — oan h. inoluded on one 
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circuit card assembly, the encoder 470 and decoder 472 as 
well as transceiver 612. so that one standard circuit card 
assembly can serve as Smart Repeater 56 (figures 23 and 24) 
or as load interface module 610 (figure 27) . 

The high-speed control resources data network 600 is 
preferably an industry-standard, commercially- available, 
local-area-network format configured as a hub unit 604. 60S, 
606 having port, for connection to devices on the network. 
Transceiver circuits 628. 658, 678. 612 configured as plug- 
in circuit card assemblies are installed in each console, 
general purpose computer, and load interface module. 
Alternatively, transceiver circuits can be built into other 
circuit card assemblies designed to implement the functions 
of the control console or load interface module, but a plug- 
in card configuration allows the transceiver circuits to be 
easily removed and replaced by improved transceiver circuits 
if and when an improved network format becomes available. 

One hub unit 604 is preferably co-located among 
control consoles and general purpose computers positioned, 
for example, in a seating area adjacent to a stage or other 
performing area, or in a lighting control booth. Control 
consoles 24A. 24B and general purpose computers 560A. S60B 
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• -end «, sos eo . l6Mtea con -=" d " 

ted araemo Pover and signal 

610B, 610C connect fn 

nnect to the second hub unit 605 and provide 
control eigaala generated 

gCneral "~ 
to lamp units connected thereto. A third h k 

«s connected to eh. , ^ 

e * to the second hub unit cos ma „ w 

support lar» * 6 Providc u to 

PPort larg er numbers of lamp units Cmn 
hub uaits Connections between 

^ be ^.bandwidth l ialcs 3Uch as 
cable communications format whii« " 
units and «nnectione between hub 

units and eoneolee. computers i oa „ • 

«putere. load interface modules u 
wire links. les b « 

Additional control ev««» 

, . ySteW el «»«nts, such as a 
limited-f unction technician's , , 

lan 3 console 24C or a remote 

• * emote 
focuaiag device cos en h. 

aM „ * COmCC " d « -coed. ^ 

«•»• other s " PBrf ""^ 

wits may be connected to additional 

c-o le , - with other conaoiee. 

Method n* Qperasic e 

A method for 

PeratXOS — i consoles ' 

simultaneously on-line in a comn^. 

3 COapuC «-ccntrolled lighting 
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system according to the preBent invention must resolve 
potential conflicts between two or more consoles issuing 
concurrent commands to the same lamp unit or group of lamp 
units, m a default mode of operation, each lamp unit in a 
system can be controlled by any console in the system. 

Multiple control consoles can be on-line at the same 
time to permit simultaneous programming of different groups 
of lamp units. Lamp units in the system can be selected for 
manual control by multiple consoles simultaneously. 
Altenatively, lamp unite can be selected for manual control 
exclusively by only one console at a time, a user- 
eelectable option determines whether lamp units selected for 
manual control can be seized by another console so that the 
lamp unit is de-selected at the first console and selected 
for manual control by a second console, or whether the 
second console must wait until the lamp unit is de-selected 
by the operator of the first console before it can be 
selected for manual control by the second console. 

Lamp units in the system can be directed to store 
and recall cues by any console or computer in the system. 
Alternatively, cue store and recall operations can be 
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assigned to certain consoles for control. 

f e second -la^unit-locred. ^ ot operaUon 
-X console can issue s co^nd Cat renders a particular 

" ,it W 9reUP ° £ ^ "aPonsive onl y to teat 

-sole. In tnis second ^de o £ operation, otner consoles 
- una*, to tte ^ ^ _ ^ ^ ^ ^ 

any way. The lamp-unit-locleed m „„ 

*• -a**.,, iocjced mode can be unort 

t0 Petition 

tne lighting eyBteffi iato 

groups of lamp unite which are 
controlled by certain consoles and „ . v 

CS and not oth «rs. Within each 
-up. ^ un^ts respond to cue store and recall co^ 

. la a third "lamp-function-locked- ^ 

xocjced mode of operation. 

My C ° nSOle ca » issue a command that re» d 

° tnat renders certain 

functions of a lainp ^ or 

W naxta ' Buch Pan 
- -It control, restive onl y to t„at console Wulle 

°7 iUaCti °" e ° £ ^ ««• - as ^ color and 
-en.it,. can still b . controls * „ y ocher ^ 

-a tourt* .laop-^t.i^. ^ e£ ^ 

control console can be li»ir„ rf - 

United to control only certain 

groups of lamp units w tk , 

t> out the lamp unitB car. k- 

f «utB can be controlled 

by other consoles as well * 

swell. A user- selectable option 
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determines whether leep unite currently eeiected by manual 
eo«rol by the lifted eoneole can be eeiaed by another 
eoneole. or whether the other eoneole euac wait until the 
lee* unit, ere de-elected et the lifted conaole. A ^ 
selectable option determine, whether lamp unite that are 
ective in a cue reeaUed by the. limited eoneole win re apond 
" C " eS " CaUed * »«* "node,, or whether the amp 
«nit, i 9 „ ore cue recall commando other eeneole, i£ they 

are currently active in . cue recall* by the United 



eoneole. 



in a fif th -lamp-function-limited- mode of 

operation. a control console can be limits - „ 

oe J-"««ited to control only 

certain function, of W unit,, but tho.e function, can be 
controlled by other eoneolae a, well. s uaer-eelectabie 
option detainee whether lamp function, which are eeiected 
for manual control or are controlled by an .ecive cue 
"oaned by che funetion-limited eoneole can be ,.i«d by 
«»th.r eoneole or whether en. 1^ unit, ^ co™^ 
from the other conaolc if thoae function, are currently 
controlled by the function-limited conaole. 

A board-level cue or ainiiar macro- function can 
™ y ,« up a particular control arrange. A board- 
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level cue operable on a single control console or ■„ , 

le - 01 virtual 

— - • — — 1. a 

° M ftMt -— - ^cator. on tbat 

conaole-e £x ont panel. ^ ^ 
CUfi , ■ ., reea11 a board-level 

CUB te ****Y sec the console 

. . 16 front -Paael features to a 

°««ed known state, rather than • -« 

ather than individually «naaipui at:ina , 
la ^ge number «* * **puxating a 

lumoer of front -panel ennr^i 

controls to set m— 
■ Bec tnem to the 

desxred state. Board -l-™.. 

Board level cue recall can take th* * 

* two or three character fca ^ ° f 

" ^ CUe ^tifier which the 
~~ enters on a keypad fellowed 

•recall- w prees o£ a 

d r: • — — * 

1 *"* bU "°" ~. « oppoeed to 16 to ,„ 

. ™1"«ee to lo«d n>e numbers 

" Ch>Se — «» 0 ev etal ^ ^ 

number and a „ «*«e-digit cu e 

so button, or three-digit eh,. 

w or f ave aubmasters) . 

A board-level cue operatic . 

operating across multinl* r-™,.— 

»*««ltaneoue iy on-line can • , ' ^ 

^-unit-locai, ' WiOU ' BOd " «* 

• l0Ckla S « d ^-P-fnnetion-loelcino 1. 

,< . «>«ing, la«p-unit- 

" iD3 « 1 ^-'»=oio.- liBitio9 fM 
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HuUTpIp coaaalc Tni-n^nt-^ ^ rh ^ r1] | 

in a distributed control system according to the 
present invention, a method for operating multiple control 
consoles simultaneously on-line with one or more general 
purpose computers must reeolve conflicts between two or more 
consoles issuing commands that. affect the show file data 
base maintained on the system data repository, m systems 
that include a second or futher general purpose computer(s), 
one or re ore show file data editing programs may be running 
simultaneously on the computer(s) . There may also he 
occasions when multiple control consoles and multiple 
computers running show file data editor programs are on-line 
simultaneously . 

In a defaoir rt o£ op eracion> the currently ^ 
■how fa. connect to the conCrol ^ ^ 

edited by any ==„„cl eooaole „ £how ^ ^ ^ ^ 
editor) program in th. ayatem. 

in a aeeoad -aho.. tile . lod , ed . ^ Qf 
any conaole or .how editor can iaaue a co»and that render, 
the .now me editaWe oy only that conaole or .ho. editor, 
in thi. aecond »ode of operation, only one conaole — 
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modify data in the show f ile . 

a third 'record- locked- mad* ~* 

Kea 0,0,16 °f operation, any 

coneole or enow edii-«^ - 

6dit0r Can " 8ue * command that renders 

cercain records or groups of record , u 

°* records, such as all lamp unit 

records in a certain cue or all i anm 

e or an lamp unit records of a 

certain lamp unit- „_ . 

operate upon all data in t-v ^ 

uata in the show F-ii^ 

which ,« loeked to "~ " 

utane updates the show file ^ 
accordance with change to th w . 

9 ° ^ *"**™-d data base stored 

ln the lamp units. 

A show fu e 

dXrCCtly b * a show editor 
Program runnina on , „ «*cor 

^ 9 on a general purpose computer a., _ , 
in rh. v. pucer - records 

the BhOV are edited, the baeJcgroun, 

, h . background routine updates 

the distributed data ba^ .. 

ata o aBe stored in the 

*" tne iam P units in 

accordance with changea t„ ^ 

*«ngea to the show fil e 
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Mffwrnr Tynrn nf cnatnJ cmanla a 

A variety of control consoles optimized for 
different functions can he implemented by selecting the 
appropriate mode of operation and user-selectable options as 
described above for each of a plurality of control console, 
naving different control devices include on their 
respective control panels. A technician's console 24C may 

* '° •"«• technician-operator to start 

snd douse lamps, and make small variations in intensity and 
P- control, but be excluded from controlling color, tilt or 
other function., or from storing or recalling o»s. A 
~ focu.ing device 5 . 8 can also be function-limited to 
sUow a lighting director to ^ chxough active !amp ' 
units in ref.renee cu.. or direct cues and adjust their " 
focus (P an. tilt, beam-size, and edge/optical focus, . *. 
A master console operates in the default mode having 

control over all lamp units in th. ~. . 

"P units in the system not partitioned- ' 

off in 1^-umt-loofc.d mod. to , secondary console, x ■ 
secondary console can operate in the 1^-unit-l.ched mod. 
to control a subset of the entire lighting eyst... mh „ 

li9 ""- h °"" » oth« units not used for 

illuminating ch. main sn. 9e or perforTnance „ hU . . 
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— e~.o le oon tro l, TOia 8ta9e iUuniMtioa 
Partioaing-off pe rlpheral 

r . ■ to a ae »ndary console, " 

lamp unite being exempted. 

Additionally, a hub unit such 

^ ** Unit 606 ' can 

«* co^ t .„ to rfaC - 

,_„. . nuD lK >n data link 

traffie bet»e„ eontrol 

V ' 4 eoosole 21c aod g<meral „ 

general purpose 
computer ssoc can design. edit , ^ ^ 

lamp units image filefi f ^ t0 a ^*ate 

96 fllec £ °r Projection by lan» 
**h Uquid cry ata i DM - ^ lamp unxts equipped 

crystal projection gates a«- a „ 

n.S Paten, v 7 BUCh 33 

Patent No. 5,282.121 without 
and irrel. v Producing excessive 

irrelevant data linx tra*« • 

hiah 0ther Be ^»t3 of the 

**9h-6peed control r e8oU r, D 

reeources network 600. 

A de8i9ner ' e "«ote console is a ^ 
from which 4- display-only device 

8i9aer ' 8 ~ ~ — — with the system data 
repository over the high-speed data l inJc a t 
display th. netWork ^d can 

*Play the current parameters of the lan» « 

tne lamp units in the 
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system, can display cue data for any cue in the snow file, 
and can display any of the display windows used at the 
master or primary control console. 

The distributed control system of the present 
invention possesses the capability to display graphical 
representations of the lighting system in a variety of 
formats. Based upon a three-dimensional model of the 
lighting system, which model is contained in the show file 
data base maintained on the syatem data repository, each 
graphic display format conveys information to an operator 
representing a current state of the system, or as cues are 
recalled in the model, a possible state of the system. 
Phofn-r»a1 j ^ m1 ny 

One graphic display format presents a photo- 
realistic view of a stage, set pieces and performers, and 
how they look under the current illumination from the lamp 
units. This view can be used to simulate show designs as 
communication or sales tool for lighting designers. This 
view can also be used to provide realistic feedback for 
offline show programming and for control locations having 
obstructed view of a stage, in the photo-realistic view. 
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^ "~- » ****** mi ^ ^ 

collar bea»s which .« vtalile only to th , ^ ^ ^ 

^ ^ e0a8idere<, <° * * «- si, A ^ of 

f ™«, or the .pattern of its gobo, 
10 ^ ° nt ° by the lanp ^ 

VariOUS ~~ ~ - - W - - ^ 

^ - — «- » —<» and MfUetive 
;7 meS ^ ^ ~ — . «- screens oay be 

«U video sequence* on the Celled „e~ 

_ „ "veiled screens. »s cues are 

recalled In the .rode! ehm . 

^to-realistic vie. shows . 
smoothly animated transit!™, „. w 

ansiuon of be™™ in the air and of 

— . - -rator can move to preset points-of-vie. 
with a single bu tton prea8> 

HQrVinft-vi«au> ninn1,u 

AnOChar SI » Phi = format presents a vor^ 

view of the model comori.- ^ 

^nsional 9 „ phic 

S"Phics. two-di^i^ ^ 

"oth — ' — — 

tor other data tw *> 

• ^-dimensional granhi^e * 

^Paice present lamp unit 
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information in a vilwa i and mutative way. ^ 
presents lamp unit information in a quantitative w.y. 
stage, set pieces and performers are presented less 
reeli.tie.lly. in a more block-like way. No embedded video 
screens .re included, nor surface modelling, nor modelling 
of the lamp units' beams and projections. Light besms 
presented by active lamp units are represented by colored 
bars. Graphical effect, on the colored bars represent 
pattern projections (gobe.) . hard or soft edge effects 
•optical t ocus, and - Mrtea . lmp ^ ^ ^ 
to all variable p«.«eters tat Kith no light ^ 
Projected in . given cue) . A bean, terminus can be 
represented by . colored dot or other graphical device to 
indicate the target at which the lMp unit i. pointing. 
Clicking on a beam ba, with a mouse or other pointing device 
selects the corresponding la„* unit for manual control; The 
bsam terminus can be dragged by the pointing device to re- 
focus lamp units. The te»i„ua snsp. to the target surf.ee 
or the bead of a performer or to other default points to 
aiming the bee. easier. Once a geometric pattern of 
*" «-» arr ^ a - "« can be groupwJ togeth „ r 

therM£ter "° Ved " * ^roup by drmggin, ^ ^ o£ ^ 
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comapondin5 -* - ^ *- ^ contrel 

*•» cues are reeaUea. tne TOrking ^ ^ 

— • - operator p 0inc - 0£ . view c „ ^ quickly ^ 

easily moved to allow viewing 

vowing the roodel £tom 

The operator can have » u 
. h3Vea flB ^eye view fro « juat off 

the front edoe nf «.v 

edge of the etage, half 

, cween the stage and 

below and the «,t-»- ^ rrom 

of the eta« < ""^UMtdt,,, 
" Se " Che «»"-eye working view. :J 

*" W ° rklOS -» superi^oe. aunarlc , f 

;r: -— — — rr 

Uaxt ' The operator can swit.v. 

switch on or nff — _ 

beam bars and ^ ° f lanp 

oars numeric disolav* i 

9 • STOUPO Of (typieaUy „„ contiguou. * 

A^o ic S ^' 1 ^ Uait 

selection tOOl in Tvrn. t -■ 

that when t-v. Provided so 

— «* operator cUO. on a oea. to eeiect t he 
"—Pondin, ^ ^ £ „ m 

cro1 ' all active lamp 
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unite having the same beam color as the selected lamp unit 
are also Belected for manual control. When the operator 
clicks on a target using the magic wand tool, all active 
lamp units focused on that target are selected for manual 
control. Lamp unite selected for manual control are also 
selected for numeric display, allowing the operator to view 
numeric data for only some of the lamp units on a page. 

Another graphic display format presents a channel 
usage display which, while maintaining the three-dimensional 
model of the lighting system, stage, set pieces and 
performers, presents a view that breaks the model. Intended 
as a data visuali.ation tool rather than a realistic view of 
the stage, the channel usage display can be manipulated to ' 
*how all of the important surfaces of the stage, set pieces 
and backdrop in one view rather than having to move the 
operator's point-of -view to see parts of the set that are ' 
hidden by other parts of the set. The operator's point-of^' 
view is fixed in the channel usage display, but portions of' 
the model can be moved and rotated in the view to bring 
their important surfaces into view from the fixed point-of- 
view. Per example, set pieces can be viewed from in front 
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of the Btage, the stage can be tilt.* * 

? can ae tilted down so that its top 

s^ace is seen, ana a bacfcdrop can be raiaeO froB behind 

«- »« pieces 8e its loBer ^ _ ^ _ ^ ^ 

^ a " 806 « - 1— in the air. A line 

^ ^ ° f * — P»i«ted on a a. t piece er 

other auruce is .« myiag ef£t=t My ba ^ ^ 

^ ° UtUae ° f * «* "9ht t or»ed * ^ ^ 

1 nuefcer can he aiap^d in the ^ of ^ ^ 
Pieced area. or can he turned o££ u TOltiple ^ 
— ~ « a eingie point. ^ ^ _ _ ^ ^ 
oootroX by clicking on the correapondingbeon'e 

projected area, addrea, or channel numb., 

nannel number, or target uaing a 
"»u«e or other pointing device 

c ~"'- Fnin 1 1. 

Octroi conaole. utUiaed i„ the diatributed control 
~ - the present invention My contain control device." 
opt^aed £or a variet, o £ iunctiona including tat aot 
UKUed " — - Electing laa, unite or 
9reUP " ° f «*" — control. „ . ajMtlag 

-i^Xe para TOt era o £ laa* unite .elected £ or manual 
~. 3, atoring variable-paraaeter data deacribing the 
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present state of lamp unite in the system for later recall, 
4) recalling and conforming variable-parameter lamp units to 
stored variable-parameter data, 5) uploading stored variable 
parameter data from lamp unite to a system data repository, 
6) downloading stored variable parameter data from a system 
data repository to lamp units, and 7) requesting and 
displaying statue information related to the present state 
of lamp units in the system. 

Whereas some control consoles, such the Artisan® 
and mini -Artisan® control consoles manufactured by Vari- 
Lite, lac. of Dallae, Texas, have used separate front-panel 
features for recalling single stored sets of variable 
parameter data (direct cues) and automatically-executable 
sequences of stored sets of variable -parameter data 
(chases) . control consoles according to the present 
invention utilize flexible front-panel features capable of, 
recalling either a direct cue, a rhase sequence, or other 
playback function. 

A- front-panel feature called a •eubmaster- is 
normally adapted either for recalling direct cues, for 
recalling and executing chases (sequences of direct cues) , 
controlling cross-fade between two direct cues, or 
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" ~ - >«* -t. attributed 

— « - aatrlx radera, a nuaber of ^ ^ 
— t- - a W o£ ^ ^ 

17 ~- ' • — u- or . fMer . _ 

- <«~i c. incensity lev(1 of w ^ 

90 btt "<w for loading a 

direct cue number to »w. 

the abater „ , . loM . 

" ^ "~ — - the auboaate, . 
l - — - — — - ^ the direct 

ir r ioMed to th - - * - - — - 

nuMin 9 and etoppi 0g or 

°PP 9 " ^le-Bte Pping threu9t 

*aae eequenoe. A submaeter *eelect" butt • 

acriv,.. batto ° i« provided to: 

activate or de-activate euea o, 

■uboaeter „ "called to the 

ouomaster, 00 that the 

execu tion d 

tl0n and ^en executed by a sinal* w 

aooronH 5 button P rea « ^ the 

appropriate moment. 

Consoles according to fch*> « 
-ft- BUbmaetera ' 3 t0 ^ ^ Mention utiXixe 

ter3 ' as those shown by way of m , 

"Sure 32 wWrt X8nple 4a 

' WlUCh ^ r ™ -"her a, direct-cue 
subaasters, chase-sequence eubmasters 
de»«,rV ^ters, or other 8ubnas 

depending upon how a direet . 

ect cue number- 

«un»er, chase sequence 
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identifier or other identifier is loaded to the submaster. 
If the operator eaters a cue number on a numeric keypad and 
presses a "direct- button associated with the keypad, then' 
presees a -go' button associated with a eof t-eubmaster. the 
submaster automatically becomes a direct-cue submaster and 
the other buttons associated with the submaster assume 
states in which they perform appropriate functions such as 
to increment or decrement the cue number that is recalled to 
the submascer. If the operator enters an chase-sequence 
identifier on an numeric keypad and press the -chase- button 
associated with the keypad, then presses the -go- button 
associated with a soft -submaster, the submaster 
automatically becomes a chase- sequence submaster and the 
other buttons associated with the submaster assume states in 
which they perform appropriate functions such as to run or _ 
-top the chase sequence or to single-step through the 
sequence of cues. 

Groups o£ Boft-aubaaatn™ can bn confix t0 
perform- ether playback function, auch a, oroas-fading 
batwan two direct and rf 

of groups o£ lamp ^ in , stngle ^ 

oontrol, by entering a nunber on a numeric keypad and 
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P~.i» S button identifying the . 

function. For exarale »» „ 

^ • <*=»»r can enter a cue nunber 

k8VPad ' ■* PMe « » •oft-.-W^, tnen eater 

another cue nu*,er. pre SB . x £l « e . ^ ^ ^ ^ ^ 

■eft-suiter to con £ig ur,. toe p. ir of ^ , 



cues 



A similar technique may be mbw, 

Y oe e «Ployed to designate 

matrix faders and a matrix submaster a M1 - • 

cer> A matrix submaster 
control, the overall intensity of groups of , 

gTOUpB of lamp units, the 
— U inteneity o f eeeo ^ beln9 _ 

o t ««, ^ a .. eiMted with othar oo£t _ 

oubmastera. 

COne ° lee aCMrti - ~* invention utilize 

Pr09 "" Mbl « ele-enee to chan 3 e the la*., 

Wirta3e ™ labele on the 

buttons associated with eoft-submasters dene^ 

. «««acerB depending upon the 

~ .unctions. _ My ^ ^ ^ ^ 

^.cent to Mparat . ^ elejMntB _ ^ 

display elements may be 

y toe incorporated in the button ~ u 
itself. ttCm ° r *W 
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Whereas a typical submaster has incorporated 
features for enabling or disabling timing effects stored 
with the cues and for filtering-out certain of the variable 
parameter functions of lamp units that are active in cues 
recalled to the submaster, consoles according to the present 
invention may also include features for filtering-out 
certain lamp unite, on a channel -by- channel basis, that 
would otherwise be active in the cue. 

Control consoles according to the present invention 
are provided with front-panel features and operating oystea 
programs that enable the use of a multi-level cue structure 
that includes board-level cues, direct cues, and reference 
cues. A direct cue is a data set that may contain variable- 
parameter data in the form of absolute parameter data for 
each function of a lamp unit, but a direct cue may also 
contain a reference identifier in the place of any one or 
more absolute values for any function, the reference 
identifier serving as an index that points to another data 
set that contains the absolute parameter data. 

A reference cue is another data set that contains 
absolute parameter data that may be referred to by a direct 
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cue so that all direct cues built fr™, , • 

omit from a given reference cue 

can be updated to new absolute parameter data simply ^ 
modifying the data in the reference cue. 

A hoard-level cue ie a data est that describe, the 
•tat. of various front-nanei feature, of a control console 
« a give. MmMt . and includes, for example, which direct- 

cu. numbers, ch ^ence identifiers, cross-fade cues 

«* -ri* patch configurations are leaded into which soft- 
er, at that _ Preat . paael ^ ^ 

and recalling board-level 

level cues are provided separately from 

feature, for storing and recalling direct cues. ch... 
fences and the lib. £or th . .^.^^ ^ 
-cure, for storing snd reeling reference cuee msy be 
Provided separately fro, f. itareB £or ^ ^ ; 

dxrect cues, or some featu,-- « w 

e features euch a numeric keypad can be 
shared by direct cue and referent 

efCreace cue "ntrole; there being 
Provided a button for -store refers 

reference cue' separately from 
a-button for - Bt ore direct cue.- 

A b ° ard - leVel ~ « stored with -clear, or 
•thru- status for individual eubmaatere. .clear- status 
-oves any preWous submaeter entry from a eubmaeter wnen 
- board-levex cue is recalled. ^ BtatUB ^ 
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previa BatoMter ratry u a aubMBter ^ ^ 
cue i, reeailed. Board-level cue. can trigger and be 
triggered by external event, by trending board-leve! cue 
operation ever the control nacwork , litteniag , t 

each console for board-level cue activity on the network, 
a-d interpreting b«rd-i evel cue activity depending upon the 
prior etate of the console. A console can then be 
Programed to reapond to boerd-l. vel cue activity on another 
console so that *uli t pi e control consoles on a network cap 

be configured by one board-level cue ree.ii , 

Gue recall at one of the 

consoles on the network. 

A tracking function e<B ^ ^ ^ _ 
ssguence of direct cue, having identical paraneter value, 
for one or TOre laBp unit. For e^ 1= . „ „ 

«... nay all specify ch . sane co!or for one or .ore lenp 
unit, while specifyin, different pen and tllt vlluc „ ^ ^ 
cue. in thi. exanple and according to the tracking feature 
of the present invention, the first cue of the .eguence 
«*•.«> i. a .source cue- containing the paraneter data to 
be tracked, and the color function i, m ade to track through 
the numerical ae^enee of cue. .. that if at any tine the 
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color i8 changed f or any of the « 

yo£ the the color is ^ 

changed in all cues of th 

8 of ^ sequence subject t« 
Mature. A UBer a , ^ eCt t0 the tra ^g 

^ ° Pti0n det ^« whether 

changes made tn «-u 

current £UnCCl ° n ^ -vfroeth, 

mK ~ £o ~«d to th. end o£ the . 

» - eoure. _ " 

- cue of the 1 4 — *» 

the Mqueace iB atpUe(J 

from the orim-.i sequence 
orisinai aoaree ^ 

■»»r=e cue — a, """^ '"•">■ A 

" a!.o contain th. iieatlf ier 6f 

cue instead ~* Terence 
d ° f 3Ctua l Parameter data. 

backing can be applied 

•ppxied xn one of two 

standard node t «„v ' In 

mode, traocmg functions through all consecutive 

— - iv P ::r the -r- ~ — 

»" parameter ^ 

ta <* to the orioin*, „ <*"*•• 
original parameter value <„ . v 

"»«.9»enoe m sequent ou.e Q) 

option mode, tr.^ ^ f 

•ubee^ent cuee of the . f0r 

the serene, in whico 

"t— to the or isinil valae . ~ter ^ 

* "tilieed to * «. option 

cptionai moa ^ ~ ~ - 

P^ional mode applies . 
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Tracking cl a also be applied to a chase, with the 
first cue of the chase sequence being a •source cue- for 
trscking data, and all subsequent cue. of the chase tracking 
the source cue, this establishes an arbitrary or random 
sequence of cues since chase, can be programmed as arbitrary 
or numerically-sequential lists of cue numbers. 

Previously, ch.se 3equeK . e5 „ ith a fiogla 

chase rste value controlling the time between sequential cue 
recall operations. Control consoles according to the 
present invention are provided with front-panel feature, and 
operating system programs that .sable the us. of v«i,bl. 
timing between each cue of a chase seq»n=e. This can take 
the form of a first chase rate that applies to 8equencial 
execution of cue re=all operatioae ^ a itxn ^ ^ a 

«quen=. to a subsequent cue for which . new chase rate is 
specified. A ueer-eeleotable option determines whether the 
new oh.se rate is established for all subsequent cue, ,a 
•standard- mode, or .bather the new chase rate applies only 
to the one cue which the new chase rate precedes (an 
•exception- mode) after which the first chase rate is re- 
applied. «ul tiple new chase „ t „ can ^ inEtrted lnto a 
single oh... sequence. Each new chaee rate can be flagged 
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- operate as a stanaar^ ^ or ^ 
change. 

liming rrmrrnl 

Direct cues car, indud. t ining concrol . Bp „ d 
control, ana/or wait tio=3 for ^ 
-a tKat are a=t ive ta cue. Iinin9 ^ _ _ 

or more varied. fonetioas t0 truiitioa . 

lcxon troB a prior state 
^ a current* co.aanoeo state over a specie tW 
•eparate ti.ee ^ poaeible f „ ^ 

" ttU ' COlM - *—•«»•. 50 bo- „r lM9e . 

" V " iSble - — «- ^ a Prior „ 

7" tD ' ™^ — — — « - specie* rate or 

functions, wait r 

"ait times cause one or more v»i aM * 
. . , wore variable functions 

"« * — <«. a prior state to a 
currently commanded «r- a i-= 

ea sca te; separate wait ti«« 
for eing Possible 

for Afferent functions. A direct cue can K 

cue can have multiple 

- centre! £o r tnose t „etioas Buch tKat. roUo^ 

tne programmed wait tim. 

wait txme, the transition rVm.. 

xoa fro * a prior state 
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to a currently commanded state is then modulated by the 
programmed timing or speed control. 

Timing control data that can be stored with each cue 
»y include a simple -on. time for all paremeters.- or may 
include separate times for each of a f ev broad classes of 
parameters such as intensity, focus, color. «nd besm 
parameters. Control consoles according to the present 
invention further include frenc-panel feature,, such those 
shown by way of eraapie in figure 33. and operating system 
program, that enable the programing of separate timing 
oontrol values for e.eh variable parameter function of a 
la-p unit. Per example, where the color-emntro! function is 
controlled in a particular lamp unit by three motorired 

color filter drives t-h* 

unves, the taming control data stored with a 

particular cue for that Imp unit may include sep^t. 
execution time, or speed control values for each of the 
tncee color filter drive.. Alternatively, a single ti^ng 
control value can apply to all three color filter drives 

* b "»"^ «rueture =» be ispoeed on the 
timing control values so that a single time for .11 
functions, whose default value is sere-time- or full-speed, 
i. initiaUy entered for each la*, unit function. 
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irrr" 60101 - fo ~ — — 

unctxons eaasta Mw tiBiag ^ 

each color flit., > "teres for 

mter dr.ve of the .ff eete(| ^ 

third timiBg valu. , entering a 

9 alUC f ° r ° nl ^ of the color futer 
<* the l anp ^ fUter ^vee 

' thC 0ther c °lor f Uter ^ . 
controlled by the - 1 • <9) bein 9r 

y tltt1 ^ value entered for the ^ 
function -color - z btOBa claee 

° l0r - "ser-selectable oofci „ . 
^erher a new cini „ , * ^ det «^ee 

ae* tinang value entered for a bm^ , 
Action overwrites all timi ^ 

all taming values for specific 
drives ( a "reset- » specify parameter 

8Ct ~ Aether the new tim< 

only propagated to « 9 ^ 

to parameter drives that have not h* 

Programmed with specif c « ■ 

Recife timing Values 

Wait 1. • Wll-in- node, . 

tlm " ^ b * -tered £or each of tn . 
^aes fuactloao of the broad 

a ianp unit in acue or „ t 
«or each of th e ** ^tered 

f the s Pecific parameter 

^"function „• ^ ^ fc — 

unction. Wait times can be or^ 

* same hierarchal stmctur „ * 

Structure described above with respect 
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to timing value.. ^ eaa ^ iwplmmei with . ^ 
•£ill-ln» mode, as described above. 

ta aUt °- fo "~ «*> can be appxied to board-XeveX 
cues so tbat the board-Xeve! cue intiatee automatical 
follows the nation or a previous event, m tbi. „v 
on. board-XeveX cue cen ,utom«ieaXXy foXXow anotber to 
BimPU£Y " e e "™"°" * » se^enee of events. Tbe 

numericaXXy ae,uentiaX direct cues are recalled . 

automatically, observing any wait tJ _ 

9 any wait times and timing control 

values stored wi#->. t-w~ 

«d wxth the cuee. so that the autofollow will 

always occur regardless v,„ a.u . 

gardiees of how the initial cue was loaded. 

la tenirmnt- Lighting nnni tans 

The distributed control 8y ate m of the present 
invention includes r*«~— i 

eludes control system elements and operating 

ByBteB P**™* that enable the system 

system to respond to a human 

cperator as an -indigent Xigb tin9 assists - A , 
«"eoning engine demented on a genem m 

connected to the ear,rw,i 

tne control resources n*.t-i^,~u 

B nefc work accepts command 

inputs from a voice-»r~«< kJ 

voxce recognition module or other input 

device, voice recognition devices and technic 

«w techniques are well* 

* DOWn te thoae w ith skill in the art- for . 

tor example the 
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*roAudio 16 sound card * 

cara and Execuvoiee sof>*~_ 

ce sof tware available 

£rCm ^ ViBi - - ^Ufornia. 

rea90ain3 -luates the com™, by 

ref ering to the show file which n . - 

e * wftxch contains a three- 
dimensional model of the liah«-< 

the laghting system and a data base of 
parameter data set* t , 

6tfi (CUe data) *« lamp units modelled 
herein. The show file iK 

te " file Stained on a system data 

r it0ry alS ° COlmeCted - ^ «~ — es network 

^ rCaSOni - — ~ -lizing a method 
illustrated in figure 34 

tor translating generalized 

^aatruction inputs inr. 

-Puts lnto pMBeter idjuacmenc ^ 

U~ ana Bllbjective _ . ** — ~. 

n L e0njtt,Bd such as the 

r * the n ° ^ — — . Mue . ^ 

9 hC re ^«d attributes or oaram^ 
reasoning enoi«. or Parameters. The 

g ° 91ne ' aCCOrd -9 to the method of the » 
invention ana i Preaent 
«tion, analyzes the ce^j • 

e COnBnand ln P«t to determine which 

lamp uni tB win b,. »*« 

la«P unite. Pinilly ■ " U Up ° n cho ™ 

C ° nSoU appropriate 
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system commands and transmits th» . 

tne commands over toe high- 
speed control resources network 600. 

A user-aelectable option determine, whether , 
karate -go- co»and input is required before the affect 
lamp units respond to the command input, or whether the 
resultant adjustment, are perform i™.diatel y ^ 
interpretation of the co-and by the control system. 

The reasoning engine according to the preeent 
invention can distingue comson-ianguage expression. 
Scribing relative location. of object, contained in the 
tsree-dimensional model maintained on the » y . te „ dats 
"Pository. their oupport .tructure hierarchy .which object. 

are supported by ocher objects) at-*^ 

ejects) , attributes of the various 

objects (size, shape cola,- 

nape, color, type. na«es. control channel 

numbers or other designations) . and the va*i« 

"™ cae various possible 
states of parameter drives i« i_, 

V6B " va "»ble parameter lamp units 
Words, phrases, and other expressions having specially 
■eanin*. in the lig htiag _ ^ ^ 

Cn9ine S ° ^ parameter adjustment 

values at least tend to approximate the general 

understanding ia the industry of special i, „ 

*y ot specialized meaning, other 

words, phrases or expressions are given «. • „ 

given specialized meanings 
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" -quired to avoid reeuita ^ _ ^ 

^r" oay ^ tw ° ° r - — - - ~* 

M *« e °' the present invention ther^ 

1 ° n ' th erefore, correctly 

interprets industry Marr^. ^ 

try jargon- sad My expand tne jargon to 

ClU " "~ sP-cialirad ^ 

selection requirements includes w 

UQes common knowledge 

terms such as -fir,,.. . «, 

«■ zxrst,- •last," -odd * 

• even and the like, 

rr ^ — ~- r 

evaluating the in put to d ^ . xor 

put to determine parameter advent 
requirements i ncludes 

color - - Dr -tructures such as preset 

°^or. preset fQcue , 

auch .. - at lntene . t ^ UkC: — "try 

ntenE " y 7S -' ^ 9=bo 3- the like- 
Pledge derived froo the 

•« ^ eing., . . tw f 1 «* — » 

' ^**t upstage* and toe lilce; and 

CUITent *"* unit attribute. euc 

«~ =tner units- and tne la.. 
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Ibe reasoning engine of the present invention 
interact, with the system data repository and graphic 
"splays aasociated with the control reaources network to 
diaplay the reaulta of command input expression* in both on- 
line and off-line situations. An operator can program a 
lighting system using only the intelligent lighting 
s.si.t«t. comprising a combed input interface such as a 
voice-recognition nodule, a reasoning engine i^,le TO ted on 
a general purpose computer, and a three-dimensional model 
of the lighting system. The model simulates the activity of 
lamp units in the absence of the rest of the lighting 
system, -bile the com*** input interface and reasoning 
engine substitute for control consoles to provide for off- 
line programming. Re^ts of command input expressions sr. 
displayed on a graphic disp la y shewing , phe t.-re.lietie 
view, a working view, or . channel usage i^Uy „ 
described above. Alternatively, multiple graphic displny.. 
-» be utilized showing different view, on different 
-^Plays. A voice-synthesiser module can be included in the 
system to allow the -intelligent lighting assistant- to 
speak to the operator. 
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P ° r eXa ° ple ' ^ evaluate an input 
containing the expression -n v. 

^ 1Qn lightS on ^e singer,- the system 
«»y P^e the question -Which .4 

Which aonger do you mean?- This 

question may he _ rtm _ . 

y fie c o«wunxcated audibly ut» i n . • 

~ Ei « r nodule or tk y ' utlllIU ' 9 • vot « 

• " the «r be d ilplayed M _ 

» a window on the .. te « 

Srnphac di3 pu y . „ 

^ lnPUt * «Pr«eion - th5 £ame _ 

othov , Same ^reen as those 

other W-tt. , '-""^ ■«** 

^ units do you mean?- 
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We elajm 

l. A control!., for a llgbtiag ^ ^ ^ _ 

Plurality of multiple lanp sai(j 

comprising: 

A. a primary control system having: 

(1) source interface processors for receiving parameter- 
controlling inputs; and 

(2) « central processing system cooperating with said 
source interface processors for encoding said inputs into 
system oontro! commands for exercising control over said 
lighting system; 

»• - Plurality of supplementary control units coupled to one or 
more of said source interface processors of said primary control 
astern for entering parameter-controlling inputs; and 
C one or more of said source interface processors further 
comprising translating means for translating said parameter 
controlling inputs to meet reguiremeots of said priory control 



»■ The controller according to claim x. wherein each of said 
source interface processors has autonomous operating software. 
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». The controller according to Claim x . wherein one or more of 
said supplementary control unite is comprised of a modem and a 
telephone line interface for communication of said lighting 
system with a remote facility. 

10. The controller according to Claim 1. wherein said 
supplementary control units are comprised of a plurality of 
control panel units, one or more of said control panel units 
incorporating means for coordinating the manual control of 
multiple parameter lamp units. 

». The controller according to Claim 1. wherein said 
supplementary control units are comprised of a plurality of 
control panel units, one or more of said control panel units 
incorporating means for storing, recalling and initiating 
lighting cues. 

12. The controller according to Claim 1. wherein one or more of 
said supplementary contro! units is comprised of a counting 
device capable of receiving and analyzing status reports. 
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13. A lighting system comprising: 

- a control system ^ a c<mtrai ^ 

processing parameter- controlling inputs sai , , , 

~ responding to said ^ J 1 " C6ntMl ~ 9 

commands for exer^.,- grating system control 

exercising control over said lishting sy8ten; 

?• a plurality of multiple parameter lamn „ 
ir,o» n . « «meter lamp units each havinq 

means for producing a light team tav . ln9 
parameters relatino e k Polity of adjustable 

control! ■ characteristics and drive means for 

I" 8 - — — ters. said plurality of 

lamp units comprised of: 

a first set of said multiple parameter las* units 

having memory for storing cues, and processors f 

cues upon receipt of sal- Pressors for executing 

eceipt of said system control connands 
identifying cues; and 

«> a second set of said multiple parameter las* units 
having a controller for receiving and processing absolute 
parameter values; and 

eacb o7s™:r. Sy8Ce " " ~ ~ ~ » 

» said fir r Me0r ™- — ~ 

- connect! ng ai c XT & ~ ^ ^ ~ 

- second 1 ad i t ~ " —- ~ - — 

translati ■ " inClUdi " 9 * «« 

translating said system control cc^ iato 

values for said second set of Ump mitB 



178 



WO 96/41098 

PCI7US96/09850 

1«. The controller according to Claim 13, wherein each of said 
first and second load interface processors has autonomous 
operating software. 

15. The controller according to Claim 13. wherein said first and 
second load interface processors are constructed as replaceable 
modules to allow said communication system to be reconfigured. 

The controller according to Claim 13, wherein one or more of 
said plurality of multiple parameter lamp units are capable of 
projecting images generated by a liquid crystal device. 

17. The controller according to Claim 13. wherein said processor 
of said second load interface processor ensures that said 
translated absolute parameter values have the proper signal 
format associated with said second set of multiple parameters. 
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18. A lighting system comprising: 

A- a first and a second control device for generating 

parameter- controlling commands, said first and . , 

; - aiQ rirst and second control 

devices having diverse * 

werse signal formats and communications 

protocols; 



»• - first and a second «ultiple.p araMt e r 

unit responsive tr, ..<.. lM ?> 

nsave to sa,d parameter- controlling contends, said 
arst and second lanp rtt! havln9 ^ 

communications protocols; and 

! e . 3 Cen " al C0ntrO1 ~ — to each o £ said control 

Z ^ " " "° re «* »" ««1 devices or 

2 — — n 9 svsc « a said ^ 

=».roll ln9 co™ according „ ^ fornac ^ 

eviction, protocol speci £ic co the control device or 1^ 
"nit connected thereto. ^ 
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19. The controller according to Claim 18, wherein each of said 
interfacing systems has autonomous operating software. 

20. The controller according to Claim 18, wherein each of said 
interfacing systems is constructed as a replaceable module to 
allow said lighting system to be reconfigured. 

21. The controller according to Claim 18, wherein at least one 
of said first and second control devices is comprised of 
reprogrammable input devices. 

22. The controller according to any one of Claims 18-21, wherein 
at least one of said first and second control devices generates 
image data files. 

=3. The controller according to any one of claims 16-21, wherein 
at least one of said first and second control devices generates 
video image signals. 

24. The controller according to any one of claims 18-21, wherein 
at least one of said first and second contro! devices generates 
signals conforming to the MIDI convention that may be translated 
by one or more of said interfacing systems into said parameter- 
controlling commands. 
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»• The droller accord, to claim 18 , 

- saia £it8C or seooad controi devices ; ea " " 

- telephone line interface for cc^caln a s /J": 
system with a remote faculty. 

- - — U« according t0 ^ 18 . whereln ^ 
c s ai d flrsc or second cQntrol flevic6s is 

° £ CODtr01 — ^ °" « - - - control 

™ :r incorporatin9 — f ° r — * - — 

control of sard mui tipl6 paraMter ^ ^ 

The controller according to Claim is „k . 

of aairt 18 ' wh e«in at least one 

of sa ll3 f lrst or second 

„, . , . devices is comprised of a 

£ r V ° £ C ° Dtr01 — — ■ - " — ■ - said control 
~* units incorporate means for storing. recalling 
initiating lighting cues. 

:; sa ;:~ — ^ - «- «. -rem « ^ on e 

1 " " COna C ° n " 01 * comprised of a 

computing device capable o« • 

reports. " Vln9 "«us 



• The controller according to Claim M . herein at least one 

° £ ^ mJlCiPlE ~ « 'amp -if is capable of pr oj ectin 
»K- generated bv a l iquid ery , tal ^ 
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30. A lighting system comprising: 

A. a control system having a central processing ^ ^ 
processing parameter-controlling inputs. said central processor 
translating said inputs into system control commands for 
exercising control over said lighting system; 
.»• a first plurality of multiple parameter lamp units each 
saving memory for storing cues, and processors for executing cues 
upon receipt of said system control commands identifying cues- 
c means for translating said system control co-ands into 
absolute parameter values, said means for translating comprising. 
(1) means for receiving said system control co^an**.. 
<2> memory for storing parameter data and programs; and 
»> Processor means responsive to said system control 
<==™ands. parameter data and stored programs for calculating 
sard absolute parameter values; and 
»• a second plurality of multiple parameter lamp units 
connected to said means for translating, said second plurality of 

lamp units each having a controller for receivino a„„ „ 

receiving and processing 

said absolute parameter values. 

31. The controller according co clailn 30> vherein ^ 

system is comprised of a plurality of control panel units, one or 

"ore of said control panel units incorporating means for 

coordinating the manual control of said multiple parameter lamp 
units. y 
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3,. ^ controller according tQ ^ 3o _ 

syste* - prised of . plurality of coacrol «~ 
— said control ^ ^ , ncorporatiag _ £M - 
recalling and initiating lighting cues, 

.33. Tne controller according t0 a ^ ^ ^ 
citing device configured „ reeeive status reports trom 
-ore of said laap units for analysis. 

3<- Tne controller according to Clai, M . wherein « ^ 

« — multiple palter las, units ate capaHe o £ projecting 

""ages generated by a liquid crystal device. 
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35. A modular controller for a lighting system. conprising . 

A. a central control system having a central proteasing system 
for processing parameter- controlling inputs, said central 
processing system translating said inputs into system control 
commands for exercising control over said lighting system; 

B. a plurality of supplementary control devices for entering 
parameter- controlling inputs according to a specified format, 
said parameter-controlling inputs directing the operation of said 
lighting system; 

C at least one source interface module for connecting said 

central control system to one or more of said supplementary 

control devices, said source interface module supporting an 

-dependent data network that conform, transmissions to each of 

said connected supplementary control devices according to said 

specified input format associated with said supplementary control 
device; 

»• a plurality of multipl.-parameter lamp units each having 
means for producing a lig hc „eam having . plurallcy of aajustaMe 
parameters relating to beam characteristics and drive means for 
controlling a plur ality of said parameters in response to said 
parameter- controlling commands; and 

8. at least one load interface module for connecting said 
centra! control system to one or more of said multiple-parameter 
lamp units, said load interface module supporting an independent 
data network that conforms transmissions to each of said 
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^ ^ to the specific comin . 

Protocol associated wit, said laInp mUs C °™-««ons 

36 • The con "oller according to Claim « „ 
source interface modules h ^ ° f saia 

-oaules has autonomous operating software. 

" • ^ """Her according to Claim « „ . 
load incerface nodules has . e ° *"* °' 

has autonomous operating software. 

3B - The controller according co Claim 3 s „ 

- supply controi ^ " « »• ~n one or more of 
i-put devices. composed of reprogrammable 

- " ::r s - - - - — — . 

PPla " entaIy — generates imege 

- ^0?:::; :;t s to iny ooe ° £ °- — — - 

™ 9 e signals. ™ c °"«ol devices generates 

video 

- o::::r::i; rr- to - ° ne ° f °- 
— confoLTto izr contro1 d — ~- 

- said s.tem control ^ " * 
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42. The controller according, to Claim 35, wherein one or more of 
said supplementary control devices is comprised of a modem and a 
telephone line interface for communication of said lighting 
system with a remote facility. 

43. The controller according to Claim 35. wherein said 
supplementary control devices are comprised of a plurality of 
control panel units, one or more of said control panel units 
incorporating means for coordinating the manual control of 
multiple parameter lamp units. 

44. The controller according to Claim 35, wherein said 
supplementary control devices are comprised of a plurality of 
control pane! units. one or more of said control panel units 
mcorporating means for storing, recalling and initiating 
lighting cues. 

45. The controller according to claim 35. wherein one or more of 
saxd supplementary contro! devices is comprised of a computing 
device capabie of receiving and analyzing status reports 
generated by one or more of said lamp units. 

««• The controller according to Claim 35. wherein one or more of 
sa,d plurality of multiple parameter lamp units are capable of 
Projecting images generated by a liquid crystal device. 
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control system tlm My om ^ "~ -n, a p riTOl y 

system ^ a central processin J- — control 

prising the steps o£: C ° n " 01 

derating supplementary control co™,ands at on 
said supplementary control units; " ° f 

coupling said supplementary control , 
control system; 0nBBndS " Saia P^ry 

translating said supplementary control com™ „ 
one or more of said , commands generated by 

sard supplementary control units into a f 
compatible .ith said primary control system; and 4 ^ 

- ^LCT - Eupplementary ■— * 

—sing contro 1 I " ^ ^ ^ «« 

over said l X g htln9 system. 

48 • ThS met,lod according to Claim 47 f u «h • 

- aerating Wge ^ files by ^' «~ ™* - step 
supplement eon crol ^ * °* — « said 

" ' m " hod according to Claim 47. £ur ther * , - • 

« aerating video image signals b * 
supplementary control units " " * 
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50. The method according to Claim 47, further including the 
steps of generating signals conforming to the MIDI convention by 
one or more of said supplementary control units and translating 
said MIDI signals into said system control commands. 

51. The method according to Claim 47, wherein said translating 
step further includes the step of ensuring that said translated 
supplementary control commands are compatible with said system 
control commands generated by said central processing system. 

52. The method according to Claim 47, further including the step 
of transmitting said system control commands to a remote facility 
by means of a modem circuit and telephone line interface. 
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53 . A method for contmi i • 

controlling a lighting system >,= • 
system and a pluralitv B , , • Vlng a coatr °l 

pxuraxxty of multiple parameter i a *« 

method comprising the steps of: ^ ^ S&id 

generating parameter controlling inputs . 

processing said parameter- controllina i ' 
- operation of said l ighting ~ 

generating system control commands for exercis- 
er said lamp units; exercising control 

transmitting said system control comm. „ 

interface processor and t0 3 fil8t loa * 

p ocessor and a second load Interfax « 

Said c °nnected lamp units. 
55 . The method according to Claim sa * v 

— ~ said - - - ^ 

for processing. ° Said contro1 system 
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56 ' A distributed control system for a 

lighting system, comprising: 

A. one or more control devices for entering parameter- 
controlling inputs according to a specified format, said 
parameter-controlling inputs directing the operation of said 
lighting system, said control devices including a data 
processor coupled to said parameter- controlling inputs and a 
memory coupled to eaid processor ; 

B. one or more computing devices for storing, editing, 
and displaying data related to said parameter- controlling 
inputs, said computing devices comprising at least a data 
processor, a memory coupled to said processor, and a data 
display device coupled to said processor; 

C one or more load interface modules each including a 

data processor for controlling said respective interface 
module and for monitoring data link signals, each of said ' 
load interface modulee supporting at least one device- 
control' data link network; 

D- a control -resources data link network connecting 

said control devices, said computing devices, and said load 
interface modules; 
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liahti " ' A meth ° d ° Perating 3 dist ^ted control 
lighting system equipped *<m, 

equipped Kith an intelligent lioht-i™ 

; eas ; nin3 en9ine ' a data — °- • ^ *— - J. 

comprising the steps o£ . 

Meeting an oparacor palter co^and into Che 
raasomng angina vi a the inpuc 

ang ine; eValUati ° 9 ~« <™ - - ~ , 

— Jir u a :: — — - ■ — 

-^ng a rep Z^ L « ^ T^' ^ 
cperacing anv irOMnent; 

— o P aj:;T atin9 a syscem ~- * — - 

operator connnand and ea ^ 

d Said three dimensional model • 
composing a system command to achieve the na ' 
adjustment ordered -„« Parameter 

b, .he operator command; and 

transmittino said c Vch ^ 

yStem com n»and to the multiple 
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SB. The Bechod of cutn s 
step of: "inner conprieing the 

^Playing a representation of the th~ 
«*1 as altered by the svst ^sional 

»y cne 6ystera parameter **.s 
^aphic display device. adjustment on a 



" * methoa of claim 57> f urtner CQnm . . 

step of: *urcner comprxsing the 

implementing the system command uoon 
actional operator command. ' ° f 



194 



WO 96/41098 

PCT/US96/09850 

60. A method for programing operations or a 
distributed control lighting system equipped with an 
intelligent lighting assistant, said assistant comprising an 
operator cca^and input device, a reasoning engine, a data 
repository. and a graphic display device, the method 
comprising the steps of: 

injecting an operator command into the reasoning 
engine via the input device- 
evaluating said operator command in the reasoning 

engine ; 

comparing said operator command to a three 
dimensional model resident in the data repository, the model 
comprising a representation of the system and a system 
operating environment ; 

calculating a system parameter adjustment based on 
said operator command and said three dimensional model; 

composing a system command to achieve the parameter 
adjustment ordered by the operator command; and 

displaying a representation of the three dimensional 
-del as altered by the system parameter adjustment on the 
graphic display device. 
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